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ABSTRACT

Field Programmable Gate Arrays commonly called FPGA's are the newer generation of

field programmable devices and offer more flexibility in the logic modules they incorporate and in

how they are interconnected. The flexibility, the number of logic building blocks available, and

the high gate densities achievable are why users find FPGA's attractive. These attributes are

important in reducing product devdopment costs and shortening the development cycle. The

aerospace community is interested in incorporating this new generation of field programmable

technology in space applications. To this end a consortium was formed to evaluate the quality,

reliability, and radiation performance of FPGA's. This report presents the test results on FPGA

parts provided by ACTEL Corporation.
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1.1 BACKGROUND

ACTEL Corporation's Field Programmable Gate Arrays (FPGA's) have been of interest to

the aerospace community for the last two years. The Electronics Parts Reliability Section of the

Jet Propulsion Laboratory started evaluating the ACT I AI010/A1020 (2-pro process) product

family only to discover that this series was to be discontinued. The new enhanced ACT II A1280

(1.2-pm process) family was to be the replacement and would provide higher density and an

attractive option to both JPL and the aerospace community. The early evaluations begun on the

ACT I continued to the ACT II family through a consortium that was formed between JPL,

Aerospace Corporation, TRW, and Hughes Space and Communication Division. This consortium

was a means to expedite the ACT II evaluation. Aerospace Corporation volunteered to perform

SEU testing, TRW would do transient dose rate, Hughes Space Division would do TID, and JPL

would do construction analysis, electrical characterization, life test, coordinate the activities, and

write the final report. ACTEL provided military temperature screened, unprogrammed parts to

the various consortium members for their evaluations. Besides the original consortium members,

other interested parties such as Applied Physics Laboratory (APL), Magnavox Electronic Systems,

and GE Astro Space were conducting radiation tolerance evaluations. Their findings are also

included in this report.

The information and knowledge obtained are the culmination of effort and successful

collaboration of the consortium and others. The test results and performance data retrieved

demonstrate the value of a consortium sharing information and thus reducing costs and schedules

for all.

1.2 INTRODUCTION

ACTEL-designed Field Programmable Gate Arrays (FPGA's) manufactured by

Matsushita Electronics Corporation have been evaluated for their suitability in space applications.

The FPGA's are manufactured on a commercial manufacturing process as opposed to a radiation-

hardened manufacturing process. A number of design and cost tradeoffs make the commercial

FPGA an attractive alternative to other ASIC technologies. The short design cycle and relatively

low cost are an immediate advantage. ACTEL's proven oxide-nitride-oxide antifuse reliability also

warranted looking at these FPGA's for space applications.

The areas of special interest and evalnation conducted by JPL and others included

metalization integrity, radiation tolerance from total dose damage, single event effects sensitivity,
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and device latchup caused from heavy ions. In addition a number of parts were put on life test.

They were examined using destructive physical analysis methods before and after 2000 hr of life.

From some of the data and analysis some lifetime predictions were made within the constraint of

design rules and particular application. Because the ACTEL FPGA is not manufactured on a

radiation-hardened process, it is important to review the results in light of the inherent

capabilities of the device and design with the current process technology. With this in mind, some

standard benchmark can be established to give the user some guidance for performance. The

results reported do not always agree because test methods and device configurations were not

identical. However, based on the data obtained and assimilated an expected level of behavior can

be predicted for the FPGA devices. It is up to the user to do further testing if needed to satisfy a

more stringent requirement. This report and its findings in general support the ACTEL FPGA

technology for some space applications and conditions.

The report is divided into four sections. The first section is the general section comprising

the general comments and conclusions by JPL. The remaining sections are a summary of the work

and supporting data for the A1020 (2-pm), A1280 (1.2-pm), and A1020A (1.2-1xm) FPGA's. The

sources and authors for these summaries are referenced. The work was done independently yet

together completes the objective to evaluate the FPGA technology. The technical content of the

charts and graphs is presented exactly as taken from the sources. Interpretation is left to the

reader because the data were from limited sample sizes, which may not be statistically valid.

1.3 DESTRUCTIVE PHYSICAL ANALYSIS EVALUATION

The work done by JPL focused on destructive physical analysis for the A1020 (2.0 pm)

and 1280 (1.2 pro). Devices from these two FPGA technologies were examined in detail by cross-

section analysis of all materials and their respective thickness and interface pattern. The DPA

reports for the ACT I A1020 and ACT II A1280 are included as JPL PIP report Nos. 304 and

305. In general the die structures and measurements made from SEM photographs were in

agreement with information provided by ACTEL.

The only concern is the evidence of metal-2 thinning in a via step to metal-1 and in metal

step coverage in BPSG cuts to poly and silicon contacts. The measured thickness was 25% or less

of nominal metal thickness. This violates MIL-STD-883 Method 2018.3 paragraph 3.7.2. This

limited metal step coverage was seen in both the 2.0-_tm and 1.2-ttm technology and corroborated

by evaluation at TRW. The 1.2-pm technology is more aggravated because of the scaling effects of

metal and subsequent smaller via and contact sizes.
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In order to ascertain the reliability risk created by the step coverage, current density

calculations were done for single contacts. MIL-STD-883 allows a current density of less than

2.0E+05 A/cm 2 if the step coverage is 30% minimum for a geometry less than 1.5 pm. With this

current density limit no electromigration problems are predicted assuming nominal operating

conditions. The current density calculations done for the 2.0-pm technology showed the worst case

for a single contact is 1.06E+05 A/cm 2 with 23.5% step coverage. This does not meet MIL-STD-

883 but can be waived for some noncritical applications if the operating temperature is less than

90°C. The assumption being that by ACTEL's design rules a single contact is limited to 1 mA for

the internal transistors which are doing AC logic switching. Input and output transistors have

multiple contacts for current sharing and were not an issue. The 2-pm process electromigration

lifetime calculation approximates 10 years (at 125°C) and 70 years (at 90°C) for ttf.01 with a 50%

duty cycle. This is acceptable provided the l-mA current limit assumption is valid. The 1.2-pro

process has a current density of 2.89E+ 05 A/cm 2 (12.5% metal step coverage). The predicted life

is 1.5 years (at 125°C) and 10 years (at 90°C). The scaled technology is more at risk unless

operating temperatures are kept below 90°C. Note that ttf.01 indicates that 1 single contact or via

out of 10,000 will fail given a log-normal failure distribution.

1.4 RADIATION TOTAL DOSE

Total dose testing was done on the A1010 and A1020 (2.0-ttm) devices. One reported result

for total dose is 150 krads (Si) with no functional and no post-irradiation effects (PIE) on

parametric failures within 7 days of biased anneal. Icc standby leakage, input leakage, and output

leakage demonstrated recovery to specification limits, or better. Other total dose tests have

reported up to 300 krads (Si) with no failures. There were no PIE evaluations with the higher

exposures. Based on the small sample size tested the A1010/A1020 devices are assured to 100 krad

(Si).

The A1020A (1.2 pm) has shown functional failures between 100 krad (Si) and 200 krad

(Si). These devices have shown recovery of the dynamic operating leakage current within 24 hr of

anneal after 200 krad (Si) exposure.

The A1280 (1.2 pm) had functional failures at 5 krad (Si), 20 krad (Si), and 70 krad (Si)

at 0 hr of post-irradiation testing. Functional recovery varied from 1 hr with ambient anneal to 24

hr with temperature anneal. Icc static leakage reached levels as high as 150 mA after irradiation

with 125°C anneal. It is fair to state that the 1.2-pm device total dose results are less conclusive
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than those for the 2.0-pm devices, and more radiation characterization is needed. It appears at

this time that the A1280 does not have much TID tolerance beyond a few krads.

1.5 SINGLE EVENT EFFECTS

The ACTEL A1010/A1020 (2.0-pm technology) and A1020A (1.2-pm technology) were

characterized for SEE. A ripple counter was configured by utilizing a number of ACTEL macro's

and I/O's. The devices were bombarded with different heavy ion beams at variable flux. The

devices exhibited no iatchup at LET < 120 MeV/(mg/cm2). The upsets have been detected at LET

22 MeV/(mg/cm2). The asymptotic cross section reported by APL was 2.3 x 10-6 cm2/bit. The

number reported by Aerospace Corporation was 1 x 10 -4 cm2/bit.

Another test of the 2-pm technology parts using a multiple twisted ring counter containing

up to 100 vulnerable bits showed an upset threshold at LET _> 15 MeV/(mg/cm2). These results

were consistent at 100°C. It should be noted that the 2-pm technology uses only C-modules and

this explains why the SEU performance is more consistent.

The ACTEL A1280 (l.2-ttm technology) was evaluated using C-modules and S-modules.

The measured effective LET is > 15 MeV/(mg/cm 2) for the C-module and < 5 MeV/(mg/cm 2) for

the S-module. It is fair to conclude that designs using the A1280 will have lower LET thresholds

compared to those using A1010/A1020. This limitation is the result of the S-modules.

1.6 ELECTRICAL CHARACTERIZATION AND LIFE TEST

The ACTEL 1020 was put on life test at T=125°C and Vcc=5.0 V. It successfully passed

functional and parametric testing after 2000 hr. Some AC tests such as TPLH and TPHL failed

the 5-V test limit nmrginally on select pins. These AC failures may possibly be attributed to test

setup or fixture problems. An example of dectrical characte "nzation tests performed for the life

tests is given in Subsection 2.5.

The ACTEL 1280 was put on life test at T=125°C and Vcc=5.0 V. It successfully passed

functional and parametric testing after 500 hr. The units were put back on test but further results

were not available for publication of this report. An example of electrical characterization tests

for life test is given in Subsection 3.5.

The ACTEL 1020A was put on life test at T=175°C and Vcc =5.75 V. It successfully

passed functional testing after 2000 hr. It was shown that one parametric test (IOL) exhibited a

delta of between 12% and 18% of the original reading. This occurred on the majority of units and
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most device pins tested for IOL. All other parametrics tested demonstrated less than 5% change

throughout the life test. There was no failure analysis done on these parts to determine the

apparent cause of the IOL drift. Graphs for the IOL test characterization can be found in

Subsection 4.2.

1.7 CONCLUSIONS

The objective of evaluating the ACTEL FPGA's (manufactured by Matsushita) was to

determine their present capability and future potential for space applications. The ACTEL

technology and FPGA architecture are among many available to the aerospace community.

However the ACTEL products were chosen as having more radiation tolerance in earlier

investigations. Therefore a more thorough review and evaluation was warranted and now

successfully completed by the aerospace community.

Two important requirements for space application are product reliability and quality. To

evaluate these, there was examination of the manufacturing process using destructive physical

analysis methods. In addition product life tests were conducted. The life tests and DPA evaluation

were directed toward giving insight into whether the technology and product could meet the

stringent standards necessary for space applications. All space projects and designs will have

different part standards and requirements. But some minimum level of reliability must be assured

to be deemed acceptable by the aerospace community. The one concern as a result of the DPA is

the poor quality of metal step coverage. The A1010/A1020 (2 pro) is acceptable provided a 20%

minimum step coverage in contacts and vias is met by the manufacturer and the application

temperature is limited to 90°C. The A1280 (1.2 pro) and the A1020A (1.2 pro) are not

recommended at this time because mission lifetime is jeopardized due to possible electromigration.

Product life testing also showed evidence that some parameters may change. To insure against

these changes a delta criteria is recommended as part of the screening flow or life tests.

The radiation data collectively for the A1010/A1020 show the product to have an acceptable

TID tolerance for some space applications. The total dose achieved without any hard failures is at

or slightly above 100 krads (Si). SEU LET thresholds appear to be in the 15 to 25 MeV/(mg/cm 2)

range. There was no latchup observed for LET _<120 MeV/(mg/cm2).

The A1280 is more vulnerable to SEU, because by design it is comprised of C-modules and

S-modules. The S-module LET threshold is less than 5 MeV/(mg/cm2). The total dose for the

A1280 is at 5 krads (Si), significantly less than that for the A1010/A1020. Further study of the

A1280 is needed to understand its limited performance.
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In smnmary we hope this report provides useful information to all space application users.

It was through the cooperation of all who partidpated and those who contributed information that

a much better understanding of the FPGA's performance as a radiation hard and reliable device

has been achieved.
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GE ASTRO SPACE SUMMARY REPORT

RADIATION TOTAL DOSE GRAPHS

PRODUCT: CMOS FIELD PROGRAMMABLE

MANUFACTURING BY: MATSUSHITA

DEVICE: ACTI010(1020) 2 MICRON

EVALUATED BY: GE ASTRO SPACE

REF: INTERNAL REPORT(J.M.LOMAN)"RADIATION

TESTING OF ACTI010 PROGRAMMABLE GATE ARRAYS"

GATE ARRAY
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AEROSPACE CORPORATION SUMMARY REPORT

PRODUCT: CMOS FIELD PROGRAMMABLE GATE ARRAY

MANUFACTURING BY: MATSUSHITA

DEVICE: ACT1010/ACT1020 (2.0 micron); ACT1280 (1.2 micron)

EVALUATED BY: AEROSPACE CORPORATION

Ref. (1)Single Event Effects Testing Report by R.Koga

Ref, (2)Single Event Upset and Latchup Susceptibilities of Actel A1280 CMOS

Field Programmable Gate Array Report by R.Koga & S.J.Hansel

EVALUATIONS:

A1280 SINGLE EVENT UPSET (SEU) and LATCHUP SUSCEPTIBILITY

Data was taken on four devices each of which was programmed using four

sequential ring counters and four combinatorial ring counters. Each device module

was programmed as a multiple twisted ring counter using 60 D-type flip-flops.

All programming was accomplished with antifuse elements. The programming

was performed by ACTEL.

The test measurement was accomplished by by comparing the correct output signature

of an unexposed device to the device that is exposed to the ion beam. Each device

tested is exposed to a number of cycles while a sufficient number of output errors

is accumulated and recorded. During exposure the power supply current was also

monitored to detect latchup. SEU and latchup measurements were taken at room

temperature and at 100°C.

Test results show that null latchup results were measured at the effective LET's

ranging from 15 to 120 Mev/(mg/cm2). The SEU measurements were taken and

plotted as (cm2/240 flip-flops) vs LET[MeV/(mg/cm2)]; See figure 3. Examination

of the data shows that C-modules are less vulnerable than S-modues for SEU.

At 100°C the results are identical.

A1010/A1020 SINGLE EVENT UPSET (SEU) and LATCHUP SUSCEPTIBILITY

The parts evaluated for SEU were exposed to Xe(603 MeV), Kr(380 MeV),Cu(290 MeV),

and Ar (180 MeV) ion beams. They were programmed as multiple twisted ring counters

each of which was 10 bits long. The A1010 and A1020 were programmed to hold four

and five ring counters which contained 40 and 50 vulnerable bits.

The test measurement was done similarly as described for the A1280.

Test results show that null latchup results were measured at the effective LET's

ranging from 15 to 120 Mev/(mg/cm2}. The SEU measurements were taken and

plotted as (cm2/40 or 50 flip-flops) vs LET[MeV/(mg/cm2)|. From the data it is seen

that the A1010 and A1020 have similar susceptibilities. The test results at 80°C

and 100°C are nearly identical to those at room temperature. Null latchup were measured

at effective LE_s ranging from 15 to 120 MeV/(mg/cm2). See figure 4 and 5.

Post SEU testing of antifuses at 100°C revealed some errors. However it is speculated

these errors were the result of using commercial devices rated and tested to 70°C.

There was also some indication of mishandling the parts after SEU testing.
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APPLIED PHYSICS LABORATORY SUMMARY REPORT

PRODUCT: CMOS FIELD PROGRAMMABLE GATE ARRAY

MANUFACTURING BY: MATSUSHITA

DEVICE: ACT1020 (2.0 micron)and ACT102GA(1.2 micron)

EVALUATED BY: APPLIED PHYSICS LABORTORY

Ref: Internal Report "Electrical and Radiation Qualification Methods for Field

Programmable Gate Arrays in Space Applications"

EVALUATIONS:

SINGLE EVENT UPSET (SEU)

SEU sensitivity for the original 1020 and the scaled version (1020A) were

evaluated for cross-sections, Parts evaluated were programmed using 547 logic

modules in a chain of 262 flip-flops. Detection and counting would result if any upset

would occur in the chain. After an occurence a reset would be initiated.

Test results for both versions were consistent. The asymptotic cross-section

for both versions was 2.3 x 10E-6 cm2/bit. The threshold Linear Energy Transfer

for the 1020 was 25 MeV-cm2/mg while the threshold for the scaled version was

about 22 MeV-cm2/mg.
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FPGA
REPORT

DPA

SECTION 2.3

Product Analysis/Step Coverage





PARTSINFORMATIONPROGRAM

JPL
Jet Propuls=on LaOoratory

Cal_lomJa msl_tule of Tecnno_ogy

ELECTRONICPARTSRELIABILITYSECTION
PIP No.

OATE7 April 1992

SUBJECT:
Preliminary Product Analysis (PA) of ACT-IO20B CMOS Field Programmable

Gate Array (FPGA) device manufactured by Actel Corp.

SUMMARY:
One ACT-1020B FPGA CMOS device in pin grid array (PGA) package was

submitted to the JPL LSI group for destructive product analysis. This PA

effort is a part of the JPL/NASA Quality Assurance Program for selection

and qualification of field programmable logic array devices considered

for use in flight hardware systems for the Earth Observation System (EOS)

and Cassini Missions. The evaluation results provide initial insight

into the quality of FPGA Si-chip materials structures, and identify

antifuse oxide/nitride/oxide (ONO) dielectric and poly structure of

programmable logic cell with fused and intact ONO patterns, as shown in

Figures 7d, llb and 12b.

The FPGA chip top passivation utilizes two-level dielectric of nitride on

SiO z. The chip has two-level (Si- and cu-doped aluminum) metal

interconnections; metal-2 interconnects with metal-l, and metal-I

interfaces with poly and Si contacts. The chip intrametal dielectric is

a two-layer (unplanarized) Spin-on Oxide (SOG) on Low Temperature Oxide

(LTO). The chip two-pattern polysilicon is; gate-poly on thin gate

oxide, and PAL-poly on ONO. All poly patterns and thick field oxide are

covered by a thin nitride film prior to BPSG deposition. Local oxidation

is used for thick field oxide lateral isolation of FPGA cells and MOS

transistors. The device requires a single source 5.0 V supply. The

attached manufacturer's data sheets provide detailed information on

electrical and environmental functionality of the I020B CMOS FPGA device.

SOURCE OF INFORMATION"

JPL LSI Engineering Group, Section 514, S. Suszko.

FOR ADDITIONAL INFORMATION CONTACT:

APPROVED:
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Overview of Package and FPGA Chip Optical and SEM Examinations:

Figures la through 12d are optical and scanning electron microscope (SEM)

photo views, which, together with captions, provide detailed examples for

identification and definition of FPGA I020B Si-chip materials structures,

their interface integrity, and dimensions. See Table I.

I) SEM Examination of Chip Laterally Exposed Metal

Interconnections: Figures 2a through 4c show exposed metal-2

with good contact alignment to metal-l. Though there are

unusual metal-2 step features over SOG and LTO dips above metal°

i contacts, these are not metal-2 to metal_l contacts, as shown

in Figures 2d, 3d, and 4c. These metal-2 steps only replicate

unplanarized intrametal SOG and LTO over metal-i contacts.

Figures 5a through 6d are scanning electron microscope (SEM)

photo views of exposed metal-2 and metalol interconnections

showing contact patterns and step coverage (after removal of

intrametal SOG and LTO).

Figures 7a through 7d are SEM photo views of exposed MOS

transistor cells with thin nitride film over field oxide, gate

poly patterns, and programmable array cells (PAL) poly patterns,

and exposed contacts to poly and Si (after removal of two-level

metal and interlevel dielectrics).

2) SEM Examination of Two FPGA Chip Cross-Sectioned Segments:

Figures 8a through lOb are SEM photo views which show cross-

sectioned details of metal-2 to metal-I contacts, and metal-i to

poly and Si contacts, and features of via cuts in BPSG for

metal-i contact interface to poly and Si.

Figures lOc and 10d show identified details of poly gate length

and thickness structure with sidewall oxide for LDD , and

effective channel length. A pattern of thin nitride film over

poly oxide and field oxide is identified in Figure lOd.

Figures lla through 12d show cross-sectioned details of PAL-cell

poly on ONO dielectric structure (at 0 ° and 90 ° cross-sectioned

segments) with intact ONO between poly and Si, and with fused

(programmed) poly to Si through I000 A thick ONO dielectric, (as

in poly to Si buried contact).

For dimensions of materials structures on Si, and Si-chip, see

Table I.

Conclusions

Evaluation results of the Actel FPGA I020B Si chip show evidence of

metal-2 thinning in via step coverage to metal-I contacts, with 0.25 _m
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step coverage thickness, or 25% of nominal I pm thick metal-2 (Figure

8b). A similar thinning effect is also evidenced in metal-I step

coverage in BPSG aperture cuts to poly and Si contacts; with minimum

metal-i step coverage thickness of 0.2 pm or -30% of the 0.85 _m nominal

thickness as shown in Figures 8c through 9d. The thickness quality of

metal step coverage as shown in these figures does not meet the

acceptance criteria of MIL-STD 883C.

However, reliability data may be acceptable to pass this metal step

coverage in contacts for current density requirements according to

MIL-M-38510, as calculated by Mike Sandor of JPL (Ref: JPL

IOM 514-F-038-92, dated 2/14/92) Calculation of Current Density for Actel

2 _m Technology FPGA Devices. This FPGA technology is several years old

and the reliability data base on it is new and still evolving. See the

manufacturer's reliability report and data sheets for details of the

functional characteristics of this device. According to Actel

information, the first production run of 1020B FPGA devices started in

late 1989. For additional details, contact M. Davarpanah, JPL component

specialist.

NOTE

The Actel data sheets for the ACT 1010/1020 FPGA chip refer to the fab-

process description for this device as "2 #m". (See Data Sheet, Table i).

However, JPL product analysis results of the FPGA device, with package

markings AI020 and chip logo ACTIO2OB, reveal and identify the poly gate

length of this chip to be approximately 1.4 _m and the effective channel

length 1.24 _m, as shown in Figures la, if, lOc, and lOd.

These dimensional results show the poly gate and effective channel length

fab-process more closely approximates 1.5 or 1.2 _m, rather than the

2 pm definition.

This dimensional description and issue for Actel FPGA devices 1020,

1020A, and 1020B needs to be specifically identified in Actel's

data sheets for each device type, together with corresponding package/lid

markings in terms of quality assurance specifying FPGA chip type in

ceramic package.

Procedure:

This evaluation was performed on one device in accordance with

MIL-STD 883C, Methods for Microcircuits.

The chip was extracted from its PGA package, backscribed and cleaved into

four segments.

43



PIP 304 4

Two chip segments were used for lateral selective exposure and removal of

chip materials levels. The other two chip segments were prepared as

cross-section samples and examined for definition and identification of

chip materials layers on Si, their interface integrity and thickness

dimensions (see Table I). Optical and SEM examinations were performed

prior to and after each level of chip materials exposure, and X-ray

spectroscopic analysis was used for identification of chip materials

composition.

Table I. Physical Dimensions of ACT I0205 Die and Die Structures

i

2

3

4

5

6

7

8

9

lO

11

12

13

14

15

16

17

18

19

Die/Die Structures Dimensions

Die material: Si and size

Die passivation: Nitride on SiO 2

Die metallization: Si-and-cu doped A1 two-

level interconnect, metal-2 top and metal-i
bottom level

Metal-2 thickness

Metal-2 step thickness in vias

Metal-2 line width

Metal-i thickness

Metal-I step thickness in BPSG apertures

-8.8x9.2

-l.2#m

- i. _m

- 0.25 _m

- 4. #m

- 0.85 _m

- 0.2 #m

Intrametal dielectric SOG on LTO (not

planarized) thickness

BPSG thickness

Thin nitride thickness on field oxide

Field oxide thickness

Gate poly thickness

Poly gate length

Effective chan-length

Gate oxide thickness

ONO thickness

PAL-poly thickness

Contact dia to poly and Si

- 0.65 _m

- 0.75 #m

. 8oo. A
- 0.75

- 0.35

- 1.45

- 1.24

. 250. A
- 1000. A

- 0.35 #m

- 2. _m

/Am

#m

_m

_m

_m

NOTE" The chip materials dimensions were derived from SEM photo figures

using the SEM calibration reference line and magnification factor.
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SEM PHOTO VIEWS OF EXPOSED METAL-2 ONLY

(TOP NITRIDE AND SIO 2 REMOVED).

Figure 4a.

2kX flat view of metal-2

line w_dths with minor

wedge defects in metal.

WEDGE
DEFECTS IN
METAL LINES

Figure 4b.

3kX flat view of metal-2

line width with minor

wedge defects.

Figure 4c.
10kX side view of metal-2

step over SOG and SiO 2 step

of metal-I contact.

SOG AND sio 2
METAL-1

CONTACT

OVER SOG

AND SiO 2 OF
METAL-1 CONTACT
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SEM PHOTO VIEWS OF EXPOSED METAL-2 AND METAL-1

(INTRAMETAL DIELECTRICS REMOVED).

METAL-1
WITH CONTACTS
TO Si

CONTACT
TO METAL-1

Figure 5a. 2kX side view of metal-2 step

coverage and contacts to metal-1.

METAL-2
CONTACT
TO METAL-1

-- EXPOSED METAL-1
LINE WIDTH

-=41_m

METAL-1
CONTACT
TO Si

METAL-2 STEP OVER
EXPOSED METAL-1
WITH INTRAMETAL
SOG AND LTO
REMOVED

Figure 5b. 5kX side view of metal-2 step

coverage features and contact
to metal-1.
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ACT" 1010/1020
Reliability Report

By Steve Chiang
and

Ken Hayes

ACT TM 1010/1020 devices are 1200- and 2000-gate (resl_cdvely)

field programmable gate arrays ('FPGAs). The programming
clemcnt i¢ an ,actcl-inventcd PLICE TM (l_'ogrsmmable

Low-lmpcdance Circuit Element) antifus¢. An antifus¢ is a

normally open device in which an electrical connection is

established by the application of a programming voltage. Although

ACT 1010/1020 products are one-time programmable devices,
their unique architecture features complete functional testability.

The ACT 1010/1020 device is processed using a standard 2 _m,

double metal, CMOS process to which three additional masking

steps have been added to implement the PLACE antihzs¢, A

description of the main process parameters is shown in Table 1.
Because ACT 101011020 devices are manufactured with a

conventional CMOS process, normal CMOS failure modes will be
obServed. However, the addition of the antifus¢ adds another
structure that could affect the device's reliability.

Actel has completed numerous studies in order to quantify the
reliability of the antifus¢. These studies lead to the conclusion that

the time to failure of the antihzse is substantially more than 40 years

under normal operating conditions and that the combined
contrJbuUon of all anti_L_.s to the gate a4"rayproduct's hard failure

rate is I¢s8 than 10 FITS (Fai|urcs-in-Tim¢ or 0.001% fai|ures per
I000 hours).

Table 1. ACT 101011020 Process Description

CMOS, 2 _. dout_le metal, dual polyslllcon, dual well, EPI wafer.

Dimensions

Width Space

N+ 4,0/Jm 2.0,urn

P+ 4.0 2.0

Co, PoJy_,con 1.6 3.6

Gate Poiysillcon 1.6 2.4
Matal I 4.0 2.0

MotaJII 4.2 2.8

Contact 1.8 x 1,8 2.0

Vla 2.0 x 2.0 20

Thtcknese

Normal Gate Oxicte 25 nm

Higll Voltage Gate Oxide 40

Cell Polyslllcon 35

Gate Polysilicon 40
Metal I 80

Metal II 100

PassivatJon 1100

Composition

Metal I 98% AI. 1% Si, 1% Cu

Metal II 98% AI, 1% Si, 1% Cu

Passtvation 300 nm Si0z, 800 nm SiN

PLICE Antifuse Reliability

The antifus¢ is a vertical, two-terminal structure. It COnsistsof a

polysilicon layer on top, N + doped silicon on the bottom, and an

ONO (oxide-nitride-oxide) dielectric layer in-between. A Scanning

Electron Microscope (SEM) cross-section of the antifi=se is shown
in Figure 1. On the ACT lOtO/1020device, the size of the antifuse is

1.8 ,urn2. This small size, along with a low programmed

on-resistance, typically 500 O. makes the PLICE antifusc a very
attractive alternative to EPROM, EEPROM, or RAM for use as a

programming element in a large programmable gate array. In the

unprogrammed state, the resistance of the antifuse is in excess of
1130 MQ. The ACT 1010 and ACT 1020 contain 112.000 and

186,000 antifuses respectively. However, typical applications

utilizing 85% of the available gates require programming only 2%
to 3% of the available antifuses.

_ ' __ .I I ...... : _

/luntiluse Poly-Sl •

Figure I. SEM Cross-Sectlon of Antlfuse

The Unprogrammed Antlfuse

In order to evaluate antifiase reliability, Actel has developed
models and collected data for both unprogrammed and

programmed antifuses _' -'. We'll consider the unprogrammed
anttfuse first Since the antifuse is a dielectric sandwiched between

poiysilicon and silicon, the model for its reliability, in the

unprogrammed condition, is the same as that used to evaluate

reliability of MOS transistor gate oxides. The parameter we w_sh to
evaluate is the lime to breakdown (t_) of the dielectric. This

par;_meter _s a funcnon of the electnc field across the dielectric as

well as temperature and has the follovang relallonship _

April 1 990 2-1
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t_ - to - exp (G/E) (1)

whgre tea tS the time to breakdown m sgconds, toLSa constant. F_
the electric rigid in MV/cm, and G L_the field acceleration factor ;n

M'V/cm (G Is a funcuon of temperaturg).

By takJng the log of both sides of cquauon I we have:

an(_) = G. (_E) + tn (to) (2)

From ¢x'penmental data. we can plot the log of the ume to

breakdow_ of the antifus¢ at vanou5 temperatures venus the

recJprocal of the cicctnc rigid across it and derive G from the slope
and to from the Y a_ intgreept. Acte] has done this both on large

antifuse capac3tors and on arrays of 28.000 antifu_. An eammple ,t

shown in Figure 2. From this we have denved a value for G of 510
MV/cm and a to of I x I0-_6 seo_nds. Also not," the diffgrenoe
between the data at _*C and 150"C.

i
!
25

!
z

lo

o

|

7

5

3

1

0

I r I i L/
f ] r

) "IS )

• 1 ! J I
7e 7 8 | 8._ J 4 _8,e 8,8

IO0/E (CmtMV)

Rgm 2. Reid A=celeratlon of Antifule (0.04 mm 2 Area Ca,oacitor)

In order to quantify the temperature-dependence of the time to

breakdown, we use the .A,rrhenius ¢quaUon to determine the

reacuon rate (or semconductor failure rate) of a given prooesi
(failure mode) o_r t_mpersture:

R = Ro •exp r'_'_n O)

where R is the reac_on rate, R0 is a constant for a particular

proce=, T is the absolute temperature in degree5 Kelvin, k is
Bol'.zmsnn's constant (8.62 x 10-5 eV/*K), and E. is :he acuvauon

energy for the primming in electron volts. To determine the

acceleration factor for a Ipven failure mode at temperature T2 as
compaxed wlth tempcratare Tt we use equauon 3 to derive:

A CTt, T2) = cxp [- (E/k) • ((Lrr,) - (1/I'2)}] (4)

whgre A is the _iaraUon factor.

For a given ume to breakdown of a dielecmc, the cx-presszon.

E, = k. din (tMYd (l/T) (5)

ipves us the actJvation energy =. The field ac_elgratton factor, G, ts

atso tcmperature-del)endent , i.¢.

G (T) - G • [I + 8/R. {1/T - l/_g)] (6)

where 8 (in eV) characterizes thg tgmperamre-dependence of G.

E. can be related to G (T) by:.

E. = G. 8/E- F_ (7)

where $ and E_ are treated as fitting parametent bct_en Es
and G.

From the data shown in Figure 2. as well as data on test arrays of

28,000 antifusg_, we have dcnved a value for E, of 0.2 eV. This value
of F_ = 0.2 gV is for a very high E field of I I MVIcra. or 10 V across

the antifu,u:. With 5.5 V, the E field is about 6 MV/cm and E. ,,

apprm]mately 0.6 eV. Valu= of 6 and F,, were found from
equation 7 to be 0,01 eV and 0.24 eV, respgcOvely.

By corn bining equations L 5, 6, and 7, we obtain an overall equatwn

for the Ume to breakdown for a Ipven temperature and E field:

tea = to. exp {(G/E) [I + (8/k). (1/3" - 1/298)] - (E4k).

(VT- U298)} (8)

2-2
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By appl:ng the values for the comtan_ as defined above, the time

to breakdoem for the antffus¢ di¢lecmc can be derived for a given

temperature and electric field. [n Table 2, we have used equation 8

to solve for the acceleration factors assocaated with powering up a

device at high voltage and/or temperature and comparing the

failure rate with more typical voltages or temperatures. We can sec

the effect of temperature by companng 12.5 "C at 5.5 V wit h 55"C at

5.5 V in which the Actel model (equation 8) gives us an acceleration

factor of 36. or 4.1 equivalent years for a 10(30-hour bum-in at
125"C. Note that thi,t acceleration factor of 36 is c]os¢ to the value

of 41.8 derived from the AJrrhenius equation (equation 4) tkfing an

activation ener_ of 0.6 ¢V and the same temperatures. We use 06

eV as a general semiconductor failure mode activation energ 7

when calculating failure rates from high-temperature operating life

(ETOL) later in this report.

Table 2. Acceleration Factor vs. Operating Conditions (Unprogrammed Antlfuse)

to = 1 X 10 ")e_. G = 510 MV/cm, 8 = 0.01 e_/

Temperature/Voltage Equivalent Yeara
Acceleration for 1000-Hour

Model High Typical Factor 125"C Burn-In

125*C/5.5 V f>5"C/5.5 V 36.0 4.1

Fixed Voltage 125"C;5.5 V 95=C/5.5 V 39 04

25"C/5.5 V 25= C15.25 V 48.7 5.8

Fixed Temperature 25" C/5 75 V 25" C/5.25 V 1692 193 2
25*C/575 V 25*C/5 5 V 347 40

125"C/5 5 V 55°C15 25 V 1526 174.2

Vaned Temperature Ir_ Voltage 125°C/5.75 V 55°C/5 5 V 883 1008
125=C/5 75 V 95° C/5.5 V 965 110

Fixed 0.6 aV 125°C/5.5 V 55°C/5.5 V 41 8 48

(Act_abon Energy), 125*CJ5.5 V 95*C/5 5 V 4 2 0.5
Voff,aglPInOeOe,n(_n!

We can also see from Table 2 that a small change in voltage is a

much morn effective reliability screen for the unprogrammed

ant)fuse than is a change in temperature. For example, if we

compare 23 "C at 5 75 V to 23°C at 5.25 V we see that just a half volt

change yields an acce[eration factor of 1692, or 193.2 equivalent

yea_ per tO00 hour_ at 5.75 V. This strong dependence on voltage

allows Actel to screen out antifus¢ ,nfant mortality failures dunng

normal wafer son testing at Actel simply by performing a special

test in wh=ch a higher than normal voltage is applied across all

antifuses, Because anttfuse infant mortality failures can be detected

and effectively screened, ACT I010/1020 dewccs have as high a

level of reliability as standard CMOS processed products.

Actel has collected data on over 350 antifus¢ test dewces

representing eleven wafer runs. From this data. we have
delermmed that the contribution of the antifuse to overall device

reliability is less than lO FITS. Th+s conclusion is confirmed by the

reliability data taken on actual ACT I010/1020 units which w_ll be

discussed later in this paper.

The Programmed Antlfuse

A Kelvin test structure as shown in Figure 3 was used to evaluate

reliability of a programmed antifuse. Here. a stnp of polysilJcon

crosses an N+ diffi.tslon. The anttfuse is kx:ated at thezr

mter_ectton. There are metal-to-poly contacts at nodes t and 3 as

well as metal-to-N 4- contacts at nixies 2 and 4 A four-terminal

Kclvm structure is useful should a failure occur, because antffuse

opens can be separated from other problems (such as polysdicon or

contact opens) simply by checking for contmuny tin appropriate

rltltrs of nt',dc$

Test devices were stressed by forcing a constant 5 mA current from

polysilicon to N+diffusion through the antifuse at 250*C. Note

that this stress is far greater than what a programmed antifus¢

would see in a dewce operating under normal conditions. Because

the antifuse ts used to connect two networ_ together, there is

usually no voltage across it, hence no cttrrent passes through. A

voltage will appear across the antifuse only momentarily while a

network switches from low-to-high or high-to-low.

N+
Diffusion

[]
3

r-J2 4r-11
GND

+V

i=oly

1

[]

Figure 3. AnUfuse Kelvin Structure
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During the 5 mA. 250*C stress,the vohagc across the anti[use was

monitored. Figure 4 is a plol of the momlored vohage _ a funchon

of stress t;me. A sudden increase in vohage indicates that an open

occurred. As can I_ sccn from the figure, failures occurred at about

300 hours of stress. However, by probing on nodes 3 and 4 of the

Kelmn structure, wc wcrc able 1,o rneasurc continuity and

delcrmmc lhat the cause of failurewas not ',heantifusc,The failed

units were then examined on an SEM. where the cause of failure

was revealed as metal-lo-poly contact eleetrom_grauon Th_s ts a

w_e|l-know_ Jailure mode II1 CM OS, which h_, been determined lo

have an aclwatJon energy of 0.9 eV Using equation 4 we can predicl

a lifetime under normal operating ¢_onditlons in cxcc_ of 40 years

for this failure mode. The lifetime of the programmed antifuse ts

even longer.

24 44 72 06 12'0144 II_Ig2'21e24021M_NI631Z3_O341440Q4324_

Ela_e_ T,me {Hour=}

Figure 4, Voltage Across Antlfuse versus Stress Time

ACT 1010/1020 Device Reliability

Device reliability was evaluated on four Actcl products: a 64K

PROM (PROM64), a 300-gate FPOA (10_3), a 12O0-gate FPGA

(ACT 1010/1010A). and a 2O00-gate F'PGA (ACT 1020/1020A)

The PROM64 product uses the same process and antifusc as the

ACT lOIO[lO_O. The I003 ts a test device, a smaller version of the

ACT 1010/1020, which was used for early characterization and

qualification. The ACT 1010A and ACT 1020A arc 20% linear die

shrink versions of the ACT 1010 and ACT 1020, rcspactwely. The

PROM64 units were packaged in 2,¢.pin side.brazed packages; the

FPGA units were m 68- and 84.-pin JL,CC (ceramic J-leaded chip

camera) and PLC'C (plastic-leaded chip caners) packages.

Package characteristics for ACT 1010/1029 devices arc shown in

Table 3.
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Table 3. ACT 1010/1020 Package Characteristics

PLCC

uo_ng compound
Filler Metmdml

Lead Frame Material

Lead Plaeng

Die Attach MateliaJ

Din,Coat

Bond W_re

Bond Attach Meenod

Sumitomo 6300 H

silicon 70% by weight

copper

Tin or solder. 300 to 800 mP,.ro tncl-m= _n)

Silver Epoxy

Oow Comm 0 014939 silicon gel

Gold. 13 rail diameter

Thermoson*c

JLCC

Body Metered Cerarnm

Lk_ awtd Le4d Matmd_ Alloy 42 with minimum 6d-pin gold plate

Bond Wire 99% Aluminum, 1% Si, 1.25 rail di&,'neter

Bond AUech MeCtod Ultrasonic

Thermal Resistance (*C/Watt)

Package 44 PLCC 44 JLCC 68 PLCC 68 JLCC 84 PLCC 84 JLCC 84 PGA

6jc 15 5 13 5 12 5 8

e_ 52 38 45 35 44 34 35

High Temperature Operating Life (HTOL) Test

The intent of HTOL m to dynamically operate a device at high

temperature (usually 125"C) and extrapolate the failure rate to

typical operating conditions. This test ts defined by Military

Standard-883 in the Group C Quality Conformance Tests. The

AJ'rhenius relationship in equations 3 and 4 is used tO do the

extrapolation. To use the Arrhenius equation, we need to know the

activation energy of the failure mode. Activation energies of

antifuse failure modes were discussed earlier. Table 4 gives the

activation energjes of general semiconductor failure modes.

Table 4. Activation Energy of CMOS Failures

Failure Mechanism Activation Energy

Iomc Contamtnatioca 10 eV

Oxide Detects 03 eV

Hot Carrier Trapping in Omde -0.06 aV
(Short Channels)

Silicon Detects 05 eV

Aluminum Etectrom*grat_on 0.5 eV

Contact Eiec'aom_ratJon 09 eV

Eiectroly_c Conosmn 0,54 eV

Six different data patterns were programmed into the 6_K PROMs

for HTOL testing: a diagonal of zeros (98% programmed): a

diagonal of ones (2% progrl_mmed); a topological checkerboard

pattern (50%); all zeros( 100%): all ones (0%): and an mcremcmlng

pattern (50%). During burn-in, all addresses are sequenced

through at a I MHz clock rate. l'he outputs are enabled and loaded

wnh a [00 ohm resistor to a 2 V supply This results m an output

loading of equal to or greater than the data sheet specified limits of

IOH ------4 mA and IOL= 16 mA. In most cases, the PROMs were

burned-in at Vcc = 5.5 V, 125"C. However, voltage acceleration

exgeriments were also done at 7 V. 125"C as well as at 8 V. 25oC.

The PROM is useful for antifuse reliability studies for several

reasons. First of all. we can program anywhere from 0% to 100% of

the antifuses although we program only 2% to 3% of the antifuses

for a graven design on the ACT 1010/1020 device. Also, an antifusc

failure on the PROM is very noticeable, since the antifuse is

directly addressed. A weak antifuse would show an AC speed drift,

and a failed antifuse would read the wrong data.

To evaluale the ACT 1003/1010/1020 dewces, we programmed an

actual design application into each dewce and performed a

dynamic burn-in by toggling the clock pins at a 1 MHz rate. The

designs selected utilized 85% to 97% of the available logic modules

and g5% Io 94% of the l/Os. Outputs ,.vere loaded with 1.2 kO

resmtors to Voo resulting in greater than 4 mA of sink current as

each UO toggled low. Under these conditions, each ACT 1010

typically draws about 100 mA during dynamic hum-re. Most of this

c'urrenl comes from the output loading while about 5 mA is from

the device supply current. The thermal resistance (junction to

ambient) of the 68- and 84-pin PLCC packages is about 45*C/Watt:

for the JLCC packages it is about 35"C/Watt. For a 125"C burn-in.

this resulls m junction temperatures of about 150"C for pl_tac

packages and 145°C for ceramic packages Most burn-in was done

at 5.75 V (for voltage acceleration of the anufuse)and 12.5"C. Some

data w_ taken at 5,5 V. 125"C and at 5.5 V. 150"C.

A su mmary or' the HTOL data ct)llecied by Actel is shown m Table

5. A failure is defined as any device which sho,w_ a functional

fadure, ext:eeds data sheet DC limns, or cxhthlts any /\C sp<:ed

drift. Among the parts les[cd, no speed drift, faster or slower. W_L_
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observed _Ithm the accuracy of the test sel-up Yailure rates at

55 °C and 70°C were extrapotalcd by usmg the Arrhenius equaUon

and a general actwatlon energy, of 0.6 eV Pou_son statisu_ v,'crc

used to denve a calculated failure rate w_th a 60% confidence level

Use of Poisson statistics is valid for a failure tale which _s low and a

[allure mode which occurs randomly with time At 55"C. the

caicuiated failure rate with a 60% confidence level vras found to be

33 FITS (0.0033% failures per 1000 hours) This number was

derived from over 22 milhon device hours of data

Both of the observed failures were normal CMOS failures and ,_,ere

not caused by the antifuses The 1003 device failed alter 80 hours at

150"C The unit was functional but had h_gh 1DD current (4_1 mA

4 mA typical) Liquid c r3_tal analysis revealed a hot spot outside lhe

antifuse area of the ch_p The other failed unit w-as nonluncuonaL

wuh a high ID_ current of about 40 mA This umt failed after 500

hours al I_;*C tk_th lailures are behaved to be the results of

junction dcgradalion or silicon defects

Table 5, HTOL (High Temperature Operating Life) Test

Equivalent Equivalent
Device Hours Device Hour.= Device Hour.=

Device Units Runs at 125°C F.=llure.= at $5*C (0.6 eV) at 70"C (0,6 eV_

PROM64 275 4 568.000 0 23 8 Milhon 94 Mdlfon

1003 JLCC 238 3 359400 1 15 0 5.9

1010 JLCC 144 6 283.000 0 11 8 4 7

1020 JLCC 61 2 90,000 0 3.8 1 S

1020A JLCC 69 2 69,000 0 29 1.1

1010 PLCC 496 6 844,000 1 353 14.0

1020 PLCC 32 2 48.000 0 2.0 0.8

Total.=: 1315 20 2.261,400 2 94,6 Mllllon 37.4 Million

Summary:

Observed FITS at 55"C

Observed FITS at 70"C:

Calculated FITS to 60% confidence at 55"C:

Calculated FITS to 60% confidence al 70=C:

21

53

33

83

(Summary of Data as of February 20. 1990)

Unbiased Steam Pressure Pot Test

This test is used to qualify products in plastic packages Units are

placed in an autoclave (pressure pot) and exposed to a saturated

steam atmosphere at 121"C and 15 psi. Problems with bonding.

molding compounds, or wafer passivalion can cause metal

corrosion to occur in this atmosphere. Metal corrosion k_ detected

dunng a full electrical test of the demc.,e following exlx)sure to the

autoclave environment.

Table 6, Unbiased Steam Pressure Pot Test

1210C, 15 psi

A total of 426 units from five wafer runs and six assembly lots were

used. Read points were taken a196. 168. and 336 hours There were

a total of four failures ('Table 6) All four failures were caused by

bond wires lifting off bond pads, This was an assembly problem

that occurred only on our first lot of plastic units The failures were

caused by high temperature, not by metal corrosion. The assembly

problem was corrected, with no further failures observed.

Product Run Number Package

Number of Failure.=

Number of Units 96 Hour.= 168 Hour.= 336 Hours

t010 JBt3 84 PLCC 34

1010 JB13 68 PLCC 71

1010 JB14 68 PLCC 71

1010 JB22 68 PLCC 71

1010 JB27 68 PLCC 50

1010A T124 68 PLCC 129

0 3 0

1 0 0

0 0 0

0 0 0

0 0 0

0 0 0
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Biased Moisture Life Test (85/85)

[n this test, the units arc placed in a chamber at a temperature of

8';*C and a relative humidity of 85%. A voltage of 5.5 V is applied

to every other device pin while other pins arc grounded. 5.5 V is

applied to Voo while Vss is grounde_l. "]'his test is effect_ at

detecting die n:late.cl and plastic package related problems.

A.s shown in Table 7, a total of 288 units wcr¢ strcs_d. There wcr¢

three failures. One failure was caused by two lifted bond wires: it

was from the same lot in which v¢ saw failures in steam pressure

pot tesL The second unit was functional but had high IDD current.

The 1000-hour failure was nonfunctional.

Table 7. Biased Moisture Life Test

850C/85% Humidity with DC Altemate Pin Bias of 0 V to 5.5 V

Product Run Number Packmee Number of Units

Number of Failures

500 Hours 1000 Houra 2000 Hours

1010 JB13 68 PLCC 80

1010 JB14 68 PLCC 81

1010 JB22 68 PLCC 54

1010 JB26 68 PLCC 54

1010 JB27 68 PLCC 19

2 I 0

0 0 0

0 0 -

0 0 -

0 0 -

Temperature Cycling

This test checks for package integrity by cycling units through

t¢mporamr¢ _lremcs. For ceramic packages, the range of

Table 8. Temperature Cycling Test

-650C to 1500C Ceramic; 0°C to 125°C Plastic

temperature is--65"C to 150°C. For piastre packages, the range is

0=C to 1250C. Both programmed and unprogrammed units are

placed on temperature cycle. Data on 451 units is summarized

in Table 8.

Product Run Number Package

Failures

Number of UnRs 100 Cycles 200 Cycles 1000 Cycles

1010 JB13 68 PLCC 158

1010 JB14 68 PLCC 28

1010 JB26 68 PLCC 21

1010 JB28 68 PLCC 31

1020 JB?.2 84 PLCC 17

1010 1077 84 JLCC 20

1020 JB33 84 PGA 25

1010A TI24 68 PLCC 176

0

0

0

0

0

0 0

0

0

Other Tests

Electrostatic Discharge (ESD)

Units were tested for senstti_ty to static electricity by using the

human body model as described in MII.,-883C (100 pF discharged

through 1.5 k_). Fifteen ACT 1010 units from three wafer runs

were tested. Nine representative 1/O pins _,cre checked on each

device. Since all I/O pins have the same layout on the chip, the nJ ne

pins tested were selected based on their prox]m=ty to Vss, VDD, or

the corner of the chip. The MODE pin was also tcsted because ,t =s

the only dedicated input on the chip. In addition, zhe three power

supplies (Vss, VDD0 V,,p) were tested. Three posture and three

negative pu Ises were discharged into each pin tested at each w_ltagc

level. For inputs and [/Os. these s_x pulses were apphed w_th three

different grounding conditions: Vss only grounded. Voo only

grounded, and all other I/Os grounded. Thus each pin received a

total of eighteen pulses for each test voltage. Testing began at 1000

V and continued in 500 V increments. After pulsing was completed

at each voltage, the I-V characteristic of each pm was checked on a

digital curve tracer. Any significant change in the I-V curve from

the previous reading was considered a failure. The umts were then

tested on a VLS1 tester. Leakage currents were datalogged at O V

and 5.5 V Any pm showing more than 250 nA of leakage current

was also considered to be a failure For IDD, a change of more than

250 pA was cause for releCtK)n. No failures occurred through 2fl(X)

V ,At 2500 V. five of the fifteen umts faded on _t least one pm

Failure analys,s revealed that the failures tx:curred on the

N--channel pulldown transistor of the output driver. WHh rio

[adures through 200(] V testing, the ACT 1010land the .\CT 1020.

by wrtue _t identical I/O layt_ut to the i010 dewce) met the

requirements for the 20(XI V ESD category of MIL-883C.
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Latch-up

Latch-up t_ a well-known cause of failure in CMOS ctrcmts

Parasitic bipolar transLstors are created by the P-channel tranststor,
the N-channel tranststors, the N-well, and the P-substrale. These

transLstors are connected in a manner which effectively creates an

SCR. If a voltage on an external pin were 1o forward bias to the

substrate, the parasitic SCR can be latched to the on state, creating

a low-impedance path bet_,cen VDD and ground. A large amount of
current lhen flows through lhLs path. This cur'rent can, at best,

make the device temporarily nonfunctional and, at worst, cause

permanent damage.

Several techniques are used by CMOS designers to reduce the

chance of latch-up. One of the most common techniques m the use
of guard rings to radiate P-channel and N-channel transistors The

disadvantage of thts method ts that it requires additional sihcon die

area. Another melhod is to use a substrate bias generator. Creating

a negative substrate bias means that an input must go even more
negative Io cause latch-up. A third technique is to use EPI wafers to
achieve low substrate reststance, which lowers the chances of

tng_enng latch-up. A_tel designers use both guard nng and EPI

wafer techniques for ACT 1010/1020 devices.

The latch-up test method used L_defined by JEDEC Standard No.

17. Each I/O pin on a tested dewee was forward biased in both
directions (to Vss and VDD) by forcing negauve and positive

currents ranging from ±50 mA to _-250 mA in 50 mA increments

Following each stress, the device IDD current was measured. If the
current exceeded the data sheet hmll of 10 mA, the unit would be

rejected. The devine was also funcuonally tested.

Fifteen umts from three different wafer lots were tested. Testing
was done both at room temperature and at a worst case

temperature of 135"C. All devace I/Os and _r supplies were
tested. No failures were detected through 250 mA.

Conclusion

The data presented In this TepoTI establishes the excellent
reliability of Actel ACT 1010/1020 dewces. Both the Actcl models

and the test devices show that the antifuse ishighly reliable and that

it detracts negligibly from overall product reliability
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Device Resources

i

Device Moduloa Gatls 184 JQCC

I

User UOI

68 JOCC 44 JOCC 84 PGA

1010 295 1200 N/A 57 34 57

1C20 546 2000 69 57 34 69

Absolute Maximum Ratings

Free iur mmoeratum range

S ymbol Parameter Umita Units

Vcc DC Supply Vol_ge _ -0.5 to + 7.0 Vot=

V_ input Voltage -0.5 to Vcc + 0.5 Volt;

vo Ou_ut Voltage -0.5 to Vcc + 0.5 Vo_

{_K Input Clamp Current ..-20 mA

IOK Output CI4ut_p Cun'ent =20 mA

los Conbnuou= O_ut Current =25 mA

Ts-rc, Storage Temperature -65 to -,_150 °C

Stresses o<3'ond those i_tcd under "Absolute Ma_mum Katln_- may

c._u._ permanent damage to the device. Exposure [o absolule ma._umum
rz[ed conditions for exlended penods may affect device rcliaioili_. De_nc¢
should no1 b¢ opcr4ted outsid," the Recommended Operating Conditions.

._ote:

I _.'pp = 'V'cc. ¢xccpl dunng devlcepro_rammln_.

DC Characteristics

v:c = 50v = 10%.-55 °C_<T:< -125 =C

Recommended Operating Conditions

Parameter Military Units

Temperature -55 to + 125 "C
Range (Tc)

Power Supply
Tolerance ± 10 %Vcc

Power Dissipation

The following formula isused to calculate total device dissipation.

Total Chlp Po_r (mW_ = 0.._IN'FI + 0.I? M'F2 ÷ 1.62 P'F]

Where:

FI= Average logic module switching rate in MHz.

F2 = Average c|ock pm sv.ltchmg rate in M'Hz.

F'3 = Average UO s_itching rate m MHz.

M = Number of loglcmodules connected to the clock pln,

N = Total number of lo£Jcmodules used on the chip.

(including M)

P = Number of ourpu= used loaded _lth 50 pE

The second _erm. variables 1_- and Iv[. may be ignored if the

CLKBUF macro is not used m the design,

Symbol Parameter Test Condibons Group A Umits Units
Subgroups MIn. Max.

V-_. = 4.5V IoL = 4 rnA
VO. Output Low Voltage Test one output ala time 1,2 3 0 4 V

Vcc = 4.5 V, Io_ = -3.2 mA
Vo.- Ou_ut High Voltage Test one oul_ut at a _me 1, 2. 3 37 V

V Input Low Level 1. 2 3 -03 08 V

V,_ Inout H=gl_Level 1. 2 3 2.0 Vcc --- .3 V

Vzc = 5.5 V V,_. = Vc..cor GND 1.2.3 25 mA
t,-.,: St_Inclby Supply Current Outputs unloaclecl

t:. Inout LeaXage Current V:: = 5.5 V, VtN = Vcc or GND 1.2 3 -10 10 uA

',:: Output Lea_age Current Vcc = 5.5V.VOLr_.= Vc3 or GND I.2. 3 -I0 _0 uA

l__ OUtDut SnortClrcuFt Current
Vcj- = Vcc Test one output at a time 1 2 3 20 140 rnA

Vo,,7 = GND V:.C = 4 5V for mln i_m=t -10 -100 mA
V3c : 5.SVformax hm{t

Switching Characteristics

VCC ,, ._.0V = I0%;-55 _C_<Tc % -125 °C
|

Symbol Parameter Test Conditions Group A Limits [ Units
Subgroups Men. Max.

t_:= Binning C=rcurt De(ay
ACT. _0_0

ACT 1020
V:C = 4.5V

V_ = 3V, V,L = 0V

VoJ.r= 1.5V

9. _0. 11 _20 ns

186 ns

1-30

66



27 PIP 304
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Functional and Switching Tests

ACT i010 and ACT 1020 devices can be tested _unctionally by

using a serial scan test method. Data ts shifted into the SD I pin. and

the DCLK pin _sused as a clock. The data is used to drive the inputs

of the internal logic and UP modules, allowing a COmplete
_ncuonal test to be performed. The outputs of the modules can be

read by shifting out the output response. All units are tested for

functionality over the military temperature range. Group A
subgroups 7, 8A. and 8B are tested in the same manner.

AC timing for Iogoc module internal delays and pin-to-pin delays is

determined after place and route. The ALS Timer utality dispta_

actual timing parameters for c_rcuit delays. Since these delays are

design.dependent and cannot be tested on unprogrammed devines.

:\ctel tests for AC performance by measunng the input-to-output

delay of a spec=al path called the "'binning czrcuit.'"

The binnlngcircuit consists of one input buffer + n logic modules

- one output buffer (n = 16 l'or the act I010: n = _ for the ACT

1020). The logic modules are dismbuted along two sides of the

devace. These modules are configured as inverting and

non-ravening buffers. The moduies are connected through

programmed anuPases w_th typmal capacmve loading.

eXctei uses a special benchmark design to correlate the binning

circuit detay to typical and worst.case design delays. Samples ot
units are programmed to this benchmark cJrcult and all

programmed paths arc measured for AC pcrformanc.¢ (including

the binning circuit delay). The measured delays are then compared

to the ALS Timer predictions. The binntngcircuit maximum delay

has been set to assure conformance to the predicted delays. Units

are sampled to confirm this corre[auon upon initial device

charactenzauon and whenever a change is made that may affect

AC performance.

Package Thermal Characteristics

The de,,acc junction to case thermal characteristic is ejc, and the

juncuon to ambient air charactenstm is eja. The thermal

characteristic3 for 0ja are shown with tv,_o different air flow rates.

Maxamum junction temperature is 120°C.

A sample calculation of the maxamum power dissipation for a

ceramic PG84 package at military temperature is as follows:

150 (Max) - 123 (Max Mil.) = 2_/33 C/W ('PG84 - still air) = 0.76
Watts.

91a Oia
Package Type Pin Count _3i¢ Still air 300 ft/min. Units

Cer_tc Pin Gncl. PG84 84 8 33 20 "C

Carcluacl J lead. JQ44 44 8 ',tO 32 =C

Cerquacl d leacl. JQ68 68 8 38 30 =C

Cerquacl J leacl. JO84 84 8 36 25 "C

PACKAGE CASE

r

/
OEVICE JUNCTION

AIR FLOW
it

I

q
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Calculation of Current Density

PRIDING PPtGE BLAPIK I_OT F_L_EO





JET PROPULSION LABORATORY

February 14, 1992

SUBJECT: CALCULATION OF CURRENT DENSITY FOR ACTEL 2.0urn TECHNOLOGY

PURPOSE: To review the issue of current density and worst case metal step coverage according to

Mil-Std-883 and MiI-M-38510 requirements. Both of these requirements are to be evaluated at worst case

conditions. Worst case conditions will vary according to process technology and individual part

performance. Therefore a best approximation to worst case conditions is used for current density

calculations and time to failures. Step coverage is measured from SEM photographs which represent

worst case topology on a chip.

PROCEDURE:

1.0. Figure 1 is a SEM photograph and cross section which shows a metal-1 contact to silicon and the

thinning of the metal from a nominal of 0.85urn to a minimum of 0.2um. This is a violation which can

lead to metal failure due to electromigration under certain conditions. The minimum contact size is

designed as 1.8xl.8um. In actuality it becomes smaller due to processing and the metal thins out at the
sidewalls.

2.0 Figure 2 is an optical photograph of a partial chip deprocessed down to silicon showing poly and
contacts.The feature to note is that the number of contacts observed on silicon varies from one to as many

as sixteen depending on the size of transistor geometry. The concern is if there is only one contact to the

drain or source of the transistor. This is worst case for current flow. The amount of current will depend

on the size of the transistor and its function in the circuit. One contact maximizes current density. Two or

more contacts will lower current density since the current will be shared.

3.0 Figure 3 is the physical model used to represent the metalization entering the contact or a via. The

concern is the thinning of the metal within the contact. This model was used to calculate the metal- 1 area

as it thins within the contact. This area is represented by A1.

4.0 Figure 4 is the mathematical model used to calculate current density and the predicted time to

failure shown in hours and years. The model calculates for three cases: I) single contact which is worst
case, 2) two contacts which reduces current density, 3) no contact in metal interconnect which is the best

case. From these three cases it is easy to compare results and reach some conclusion. This model also
shows the entered variables that were used to represent worst case process and worst case transistor

rating. This is an interactive model so any enter variable can be changed to study the effect. The

significant variable is the current value chosen to represent worst case in the transistor. ACTEL's data

book quotes 4ma minimum for output buffers. They also claim the current for the 1.2um technology is

1.0ma per contact which is what was assumed for the 2.0um. This analysis assumes de current flow.

5.0 Figure 5 shows current density as metal-1 thickness increases. As expected the current density is

reduced as metal thickness increases. This figure also shows that two contacts reduce it further because of

current sharing. From a design/reliability point of view more than one contact should be used where

possible.

6.0 Figure 6 shows time to failure as metal-1 thickness increases. The step coverage is critical to

insuring maximum time to failure. Two contacts are added insurance.

7.0 Figure 7 shows the time to fail for a single contact vs metal thickness on a magnified scale. This

figure shows .01% failures in metal-1 are predicted to occur in less than 10 years operating at

temperature of 150°C.

8.0 Figure 8 shows time to fail can be increased by lowering the operating temperature.



Conclusions:The ACTEL 2.0 um technology does not meet Mil-Std-883 metal contact step coverage
requirement of 30% for contacts less than 3urn on a side using worst case SEM examination. However it

does pass the MiI-M-38510 current density requirement of 2x10E5 A/cm2 even when the metal-1 step

coverage is 23.5%. This is because the current flow allowed by design is lma per contact for the
1.2urn technology. This lma per contact was also assumed for the 2.0um calculations.

Therefore based on the calculations performed a mission of 5 years or less has minimum risk if the

device max junction temperature will remain below 90°C. This temperature allows for current and step

coverage variations. Beyond 5 years the risk is greater that electromigration or other metal failures may
occur since there are places on the chip where only one contact is used.

Further action should investigate why additional contacts were not used when it seems there is

physical room for them. If there is a design or routing limitation then the risk will remain for lack of

redundancy. In this case only improving the metal-1 step coverage will reduce the risk.
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OPTICAL PHOTOVIEWS OF ACTEL 1020B(2um PROCESS) CHIP SEGMENT

EXPOSED CONTACTS TO POLY GATES AND Si-TRANSISTOR CELLS

(I)IELECTRICS AND 2-LEVEL METAL INTERCONNECTIONS REMOVED)

FIGURE 2A

500X OPTICAL VIEW OF EXPOSED CONTACTS TO POLY AND Si-TRANSISTORS

SINGLE

CONTACTS

TO Si ARE SEEN

FIGURE 2B

800X OPTICAL VIEW OF EXPOSED CONTACTS TO Si CELLS
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f

Metal Thickness

in Contact or Via.

Contact or

Via Opening

AI (Area)

Figure 3

Transparent view of metallization entering via (or contact) opening
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Example

JPL Alpha-11 A1020 FPGA Temp: 255er #: 10

03-APR-1992 17:55:56,59 Datecode: 9129 Page: 1

Source file: alpha11 .C:H35

Endpoint: 200Ohr$

Functional test params: Vcc = 4.5OV. Vih = 3.00V. Vii = O.OOV.

Functional test params: Vcc = 4.75V, Vih = 3.OOV, Vii = O.OOV.

Functional test params: Vcc = 5.00V, Vih = 3,00V, Vii = O.OOV.

Functional test params: Vcc = 5.25V, Vih = 3.0OV, Vii = O.OOV.

Functional test params: Vcc = 5.50V, Vih -= 3.00V, Vii = O,OOV.

VOH Params:lns=3.OOV/O.OOV, IO =-3.20OMA, Min=3.7

VCC 4.5 4,75 5 5.25 5.5

QO 4.2025 4.4667 4.7285 4.9878 5.2471

Q1 4.2001 4.4643 4.726 4.9829 5.2422

Q2 4.2001 4.4618 4.7236 4.9829 5.2397

Q3 4.1854 4,4472 4,7065 4,9658 5.2226

FF1 4.2025 4.4667 4.726 4.9853 5.2446

FF2 4.2074 4.4692 4.7309 4.9902 5.2471

TOUT1 4.1952 4.4569 4.7187 4.978 5.2373

TOUT5 4.1977 4.4594 4.7211 4.9804 5.2397

DCEO 4.1977 4.4618 4,7211 4.9829 5.2397

DCE1 4.2OO1 4.4643 4.726 4.9853 5.2446

DCE2 4.2025 4.4667 4.7285 4.9853 5.2446

DCE3 4.1977 4.4594 4.7236 4.9804 5.2397

DCE4 4.2074 4.4716 4.7309 4.9902 5.2471

DCE5 4.2025 4.4667 4.7285 4,9853 5.2446

DCE6 4.205 4.4692 4.7285 4.9878 5.2471

DCE7 4.2074 4.4692 4.7309 4.9902 5.2495

DCE8 4.205 4.4692 4.7285 4.9878 5.2471

DCE9 4.2074 4.4692 4.7309 4.9902 5.2471

DCE10 4.2074 4.4692 4.7285 4.9902 5.2446

DCEll 4.2025 4.4643 4.726 4.9853 5.2397

DCE12 4.2OO1 4.4618 4.7236 4.9829 5.2397

DCE13 4.2001 4.4643 4.7236 4.9829 5.2422

DCE 14 4.1977 4.4618 4.7236 4.9804 5.2373

DCE15 4.2025 4.4643 4,7211 4,9829 5,2397

DCE 16 4.1977 4.4594 4.7211 4.9804 5.2397

DCE17 4.1977 4.4594 4.7236 4.9804 5.2397

DCE18 4.1977 4.4594 4,7211 4.9829 5.2397

DCE19 4.2001 4.4643 4.7236 4.9853 5.2422

DCE20 4.1952 4.4618 4.7211 4,9804 5.2397

DCE21 4.1928 4.4569 4.7187 4.978 5.2373

DCE22 4.1952 4.4569 4.7211 4.9804 5.2397

DCE23 4.1977 4.4594 4.7211 4.9804 5.2397

DCE24 4.1928 4.4569 4.7187 4.978 5.2373

DCE25 4.1977 4.4594 4,7211 4.9804 5.2397

DCE26 4.2OO1 4.4618 4.7211 4.9829 5.2422

DCE27 4.1952 4.4594 4.7211 4.9804 5.2373

DCE28 4.1952 4,4594 4.7187 4.978 5.2349

DCE29 4.183 4,4447 4.7016 4.9609 5.2177

DCE30 4.1928 4,4545 4.7162 4.9731 5.2324

DCE31 4.1903 4.4521 4.7114 4.9731 5.2299

DCE32 4.2074 4.4692 4.7309 4.9902 5.2495

DCE33 4.205 4.4667 4.7285 4.9878 5.2446

" PREI31,EI.)II_iG
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DCE34 4.2074 4.4667 4.7285 4.9878 5.2446

DCE35 4.2074 4.4692 4.7309 4.9902 5.2471

DCE36 4.1977 4.4643 4.7211 4.9829 5.2397

DCE37 4.2025 4.4643 4.726 4.9853 5.2422

DCE38 4.2025 4.4667 4.726 4.9853 5.2446

0CE39 4.2074 4.4692 4.7309 4.9902 6.2495

MOUT40 4.1952 4.4569 4.7187 4.978 5.2373

MOUT41 4.7928 4.4545 4.7162 4.9755 5.2348

MOUT42 4,1854 4.4472 4.7016 4.9609 5.2177

MOUT43 4.1854 4.4447 4.704 4.9584 5.2153

MOUT44 4,1805 4.4398 4.6991 4.956 5.2104

MOUT45 4,2025 4.4643 4.7236 4,9829 5.2422

MOUT46 4,1977 4.4594 4,7187 4,978 5.2348

MOUT47 4.1977 4.4594 4.7187 4,978 5.2348

VOL Params: Ins = 3.OOV/O.OOV, IO = 4.OOOmA,

VCC 4.5 4.75

Max = 400mv/Min = 0.0

5 5.25 5.5

QO 1.15E-O1 1.13E-01 1.15E-01 1.08E-O 1 1.05E-O 1

Q 1 1 . 13E-O 1 1 . 10E-O 1 1.08E-O 1 1.03E-O 1 1.03E-O 1

Q2 1 . 17E-O 1 1 . 13E-O 1 1.10E-O 1 1.08E-O 1 1.05E-O 1

Q3 1.15E-O 1 1 , 10E-01 1.08E-01 1.05E-O 1 1.05E-O 1

FF 1 1.17E-O 1 1.13E-01 1.10E-O 1 1.08E-O 1 1.05E-O 1

FF2 1.15E-O 1 1.13E-01 I. 10E-O I 1.0SE-O 1 1.05E-O 1

TOUT1 1.17E-01 1.13E-01 1.10E-01 1.05E-O 1 1.05E-O 1

TOUT6 1.17E-O 1 1.13E-01 1. IOE-O 1 1 .O8E-O1 1.05E-O 1

DCEO 1.15E-O 1 1. IOE-O 1 1.08E-01 1.03E-O 1 1.03E-O 1

DCE 1 1.17E-O 1 1.13 E-O 1 1.10E-01 1.08E-O 1 1.05E-01

DCE2 1.20E-O 1 1.15E-01 1.13E-01 1.0SE-01 1.05E-01

DCE3 1.17E-O1 1.13E-01 1. IOE-O 1 1.08E-O 1 1.03E-O 1

DCE4 1.17E-01 1.15E-01 1.10E-01 1.08E-01 1.05E-01

DGE5 1.17E-01 1.15E-01 1.10E-01 1.08E-01 1 ,O5E-01

DCE8 1.17E-01 1.13E-01 1 .IOE-O 1 1.08E-O 1 1.0SE-O 1

DCE7 1.17E-01 1.13E-01 1.1OE-O 1 1.08E-O 1 1.05E-O I

DCE8 1.15E-O1 1.13E-01 1.10E-01 1.05E-O 1 1.03E-01

DCE9 1.17E-01 1.15E-01 1.10E-01 1.05E-O 1 1.0SE-O f

DCE10 1,17E-01 1.15E-O1 1.10E-01 1.08E-O 1 1.05E-01

DCE11 1.15E-01 I. 13E-O1 T. 10E-O I 1.08E-01 _ .O5E-O 1

DCE 12 1 , 15E-01 1.13E-01 1 . 1OE-O 1 1.05E-O 1 1.03E-01

OCE 13 1,17E-O 1 1. ! 3E-O 1 1.10E-O 1 1.08E-O 1 1.03E-O 1

DCE14 1.17E-01 1.15E-O1 1.10E-01 1.0BE-01 1.05E-01

DCEt 5 1,15E-O ! _. 13E-O1 1.08E-01 1.0SE-O 1 1.03E-O 1

DCE 16 1.15E-01 1.13E-01 1.0SE-O 1 1.05E-01 1.03E-01

DCE 17 1.15E-O1 1.10E-01 1.08E.01 1.03E-O 1 1.03E-O 1

DCE 18 1,17E-01 1.15E-O1 1.10E-01 1.08E-01 1.05E-01

DCE19 1.2OE-O 1 1.15E-01 1.13E-01 1.0SE-O 1 1.05E-01

DCE20 1,2OE-01 1.17E-01 1.15E-01 1.10E-01 1.08E-O 1

DCE21 1.17E-01 1.13E-01 1.1OE-01 1 .O5E-01 1.05E-01

DCE22 1.17E-O 1 1.15E-O1 1. IOE-01 1,08E-01 1.05E-O I

DCE23 I. 17E-01 I .I 3E-01 I .I 0E-01 I .O8E-O I 1.03E-O I

DCE24 1.17E-01 1.15E-O1 1.1OE-O 1 ! ,OSE-O 1 1.0SE-O 1

DCE25 1.17E-01 1.15E-01 1.13E-01 1.08E-01 1.08E-O 1

DCE26 1.2OE-O 1 I. 15E-O 1 I. 13E-O 1 1.1OE-O T ? .08E-O 1

DCE27 1.17E-01 1.15E-01 1.10E-01 1 .O8E-01 1.05E-O1

0CE28 1.17E-O I T. 15E-O 1 1.10E-O 1 1.08E-O 1 1.0SE-O 1

DCE 29 1.20E-O I I. 15E-O I I. 13E-01 I. I OE-01 1.08E-O I

DCE30 1. ! 7E-O ! 1.13E-O 1 1. lOE-O'i 1.05E-O 1 1.05E-O 1

DCE31 1.20E-01 1.15E-01 1.13E-01 1.10E-01 1.08E-01

DCE32 1.17E-O1 1.13E-O1 1,10E-O 1 1 .O8E-01 1.05E.O 1

DCE33 1.15E-O 1 1,13E-O 1 1.10E-01 1.05E-01 1.0SE-O 1

DCE34 1.15E-O1 1.13E-01 1.10E-01 1.08E-01 1.03E-O 1

DCE35 1.15E-01 1.13E-01 1,08E-O 1 1.05E-01 1 .O3E-01

DCE36 1.17E-01 1.13E-01 1.10E-01 1.08E-01 1.05E-O1

DCE37 1.20E-O 1 1.15E-01 1.13E-01 1.08E-01 1.05E-01

DCE38 1.20E-01 1.15E-01 1.10E-01 1.08E-01 1.08E.O 1
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DCE39 1.20E-O 1 1,17E-O1 1.15E-O1 1.10E-01 1.08E-O 1

MOUT40 1 , 17 E-O 1 1.15E-O 1 1.1OE-O 1 1.08E-O 1 1.05E*O 1

MOUT41 1.15E-01 1.13E-01 1.10E-O1 1.05E-O1 1.03E-O 1

MOUT42 1.15E-01 1.1OE-01 1,08E-01 1.05E-01 1.03E-O 1

MOUT43 1 . 17E-01 1 . 13E-O 1 1.1OE-O 1 1.08E-01 1.05E-O1

MOUT44 1.17E-01 1.13E-O1 1 . 10E-01 1.08E-O 1 1.05E-01

MOUT45 1.17E-O 1 1.15E-O 1 1.10E-O 1 1.08E-01 1.05E-O 1

MOUT46 1 . 17E-O 1 1.13E-O 1 1.10E-O 1 1.05E-O 1 1.03E-O 1

MOUT47 1 . 17E-O 1 1.13E-O 1 1 .O8 E-O 1 1.08E-01 1.03E-O 1

Isb Perams: Ins = 3.0OV, Outs = Open, Max = 25e-3, Min =0

VCC 4.5 4.75 5.25 5.5

vcc 5.96E-03 8.44E-03 1.10E-02 1.33E-02 1.48E-02

IlL Parems: Vin_-O.OOVo Min=-IOUA/Max=IOUA

VCC 4.5 4.75 5.25 5.5

RESET 0 - 1.22E- 10 - 1.83E- 10

OE -1.22E-10 6.10E-11 0

LOAD -6.1OE-11 -1.22E-10 -1.22E-10

CLKIN 0 0 0

TIN 0 0 -1.83E-10

SELl -6.10E-11 -1.22E-10 -1.22E-10

SEL2 -1.83E-10 0 -6.1OE-11

SEL3 O 0 6.10E-11

SEL4 -6.10E-11 6.10E- 11 6. IOE- 11

QO -1.83E-10 -6.10E-11 6.10E-11

Q1 0 0 -6.10E-11

Q2 -1.83E-10 -1.22E-10 -1.83E-10

Q3 0 -6.10E-11 6.10E-11

-6.10E-11

O

6.10E-11

0

6.10E-11

-1.22E-10

0

0

-1.22E-10

-6.10E-11

-1.83E-10

6.1OE-11

-1.83E-10

0

-6.1OE-11

-5.10E-11

-1.83E-10

6.1OE-11

0

0

-1.22E-10

1.83E-10

-6.1OE-11

-1.83E-10

0

-6,1OE-11

IIH Params: Vin = VCC, Min = - 10UA/Mex = IOUA

VCC 4.5 4.75 5.25 5.5

RESET 2.44E-10 0 1.22E-10 1.22E-10 0

OE 1.22E- 10 1.83E- 10 1.22E- 10 O 0

LOAD 6.1OE-11 1.22E-10 6.1OE-11 6.10E-11 1.22E-10

CLKIN 1.83E- 10 1.83 E- 10 6,10E- 11 1.22E- 10 1.22E- 10

TIN 6. IOE-11 1.22E-10 6.1OE-11 6.10E-11 6.10E-11

SELl 0 6.10E-11 -6.10E-11 0 1.22E-10

S EL2 1.83 E- 10 1.22E- 10 1.22E- 10 1.83E- 10 1.22E- 10

SEL3 1.83E- 10 -6.10E-11 1.83 E- 10 1.83E- 10 3.66E- 10

SEL4 6.10E-11 1.83E- 10 2.44E- 10 1.22E-10 1.83E- 10

Q0 1.22E- 10 6.10E- 11 1.22E- 10 6. IOE- 11 1,83E- 10

Q1 6,10E-11 2.44E- 10 1.22E-10 1.22E-I0 0

Q2 1.83E- 10 1.83E- 10 1.22E-10 -6.10E-11 1.22E-10

Q3 1.22E- 10 2.44E-10 1.22E-10 6.10E-11 1.22E-10

iOZL Params: Vin = O.OOV, Min =-10UA/Max = 10UA

VCC 4.5 4.75 5.25 5,5

DC E0 0 0 6. IOE- 11 - 1.83E- 10

DCE1 -6.10E-11 -6.10E-11 0 O

DCE2 -6.1OE-11 0 6.1OE-11 0

DCE3 0 -6.10E-11 1.22E-10 1.22E-10

DCE4 0 1.22E- 10 0 -6.10E-11

DCE5 0 0 -6.10E-11 0

DCE6 6,10E-11 -6,10E-11 0 -6.10E-11

DCE7 -6.10E- 11 6.10E-11 6.10E-11 -6.10E-11

DCE8 -1.22E- 10 0 6.10E-11 6.10E-11

DCE9 O 1.22E-10 0 O

DCEIO O -6.1OE-11 6.1OE-11 0

DCE11 6.10E-11 -6.10E-11 0 0

DCE12 0 1.22E-10 0 0

6.10E-11

-1.22E-10

-6.10E-11

-1.22E-10

-6.1OE-11

0

-2.44E-10

-1.22E-10

-6.1OE-11

6.1OE-11

6.10E-11

-6.10E-11

-1.22E-10

Page 3FNIO 25.XLS
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DCE13 6.10E-11 -1.22E- 10 -6.10E-11 -1,22E- 10 O

DCE14 0 0 0 -6,10E-11 0

DCE15 0 1.22E-10 0 0 6.10E-11

DCE16 6.10E-11 0 -6.10E- 11 -6.10E-11 0

DCE17 O 0 -1.22E-10 -1.22E-10 -6.10E-11

DCE18 O -1,83E- 10 0 -6.10E-11 -1.22E-10

DCE19 0 - 1.22E- 10 0 - 1,22E- 10 -1.83E- 10

DCE20 6,10E-11 -2.44E-I 0 -6.1OE-11 -1.83E-10 -6.1OE-11

DCE21 -1.83E-10 -1.22E-10 -1.83E- 10 1.83E- 10 6.1OE- 11

DCE22 6.10E- 11 O - 1.83E- 10 0 - 1.83E- 10

DCE23 -1.22E-10 -6.1OE- 11 -6.10E-11 6.10E-11 0

DCE24 -6.10E-11 -1,22E-10 6.10E-11 -1.22E- 10 -1.22E-10

DCE25 -6,1OE- 11 0 -6,10E-11 0 0

DCE26 -6,1OE-11 -1,83E-10 6.10E-11 -6.10E-11 1.22E-10

DCE27 6,10E- 11 0 -6,1OE- 11 6,10E-11 0

DCE28 O 6.1OE- 11 -6.1OE-11 0 6.10E-11

DCE29 -6.10E-11 0 -1.22E- 10 -1.83E- 10 0

DCE30 - 1.22E- 10 -6.10E-11 -6,10E- 11 1.22E- 10 0

DCE31 1.22E-10 6.10E-11 0 0 0

DCE32 6.10E-11 1.B3E-IO 1.83E-10 0 -1,83E-10

DCE33 -6.10E-11 1.22E-10 -6.10E-11 -3.66E-10 0

DCE34 -2.44E- 10 1.22E-10 6.10E-11 6.10E-11 -1.83E-10

DCE35 0 -1.22E- 10 0 -6.10E-11 -6,10E-11

DCE36 6. tOE- 11 -1.83E-10 1.22E- 10 -1.83E- 10 -1.22E-10

DCE37 0 6.10E- 11 0 0 0

DCE38 0 -6.10E-11 1,22E- 10 -1.83E- 10 -1,22E- 10

DCE39 O -6.10E-11 -2.44E- 10 0 6.1OE- 11

MOUT40 0 -6.10E-11 0 6.10E-11 0

MOUT41 -1.22E-10 -2,44E-10 -6.10E-11 -1.22E- 10 0

MOUT42 - 1.83E- 10 0 0 0 0

MOUT43 0 6,10E- 11 0 -6. IOE- 11 0

MOUT44 O -1.22E-10 6.1OE-11 6.10E-11 -6.10E-11

MOUT45 - 1.83E- 10 0 0 1.22E- 10 -2.44E- 10

MOUT46 -6.10E-11 -1.22E-10 6,10E-I I, -6,10E-11 0

MOUT47 -6,10E-11 6.10E-11 6.10E- 11 6.10E- 11 0

IOZH Parems: Vin = VCC, Min =- 1OUA/Max = 10UA

VCC 4.5 4.75 5 5,25 5.5

DCE0 1.22E- 10 1.83E- 10 3.05E- 10 3.05E- 10 2.44E- 10

DCE1 1.83E-10 1.83E-10 1,22E-I0 6.10E- 11 0

DCE2 1,83E- 10 0 1.22E- 10 1.22E- 10 I .22E- 10

DCE3 2.44E-10 6.10E-11 1,22E-10 1.83E- 10 1.22E-10

DCE4 -6. IOE- 11 1.22E- 10 2,44E- 10 1.22E_10 0

DCE5 1.22E- 10 6.1OE-11 6.1OE-11 1.83E-10 2.44E-10

DCE6 1.22E- 10 6.10E-11 2.44E- 10 O 1.22E- 10

DCE7 -6.1OE-11 6.10Eol 1 6.1OE- 11 3.O5E- 10 O

DCE8 6.10E-11 1.83E-10 6.10E-11 3.O5E- I0 O

DCE9 6.10E-11 6.10E-11 1.83E-10 6.10E-11 1.22E- 10

DCE10 1.83E- 10 0 6.10E-11 6.10E-11 1.22E- 10

DCE11 1.22E-10 6.10E-11 6.10E-11 6.10E-11 2.44E-10

DCE12 0 6.10E- 11 1.83E- 10 6.10E-11 0

DCE 13 1.83E- 10 1.22E- 10 2.44E- 10 1.83E- 10 1.22E- 10

DCE14 1.83E-10 6.10E-11 1.83E-10 6.10E-11 1.22E- 10

DCE15 6.1OE-11 3.05E- 10 1.22E-10 0 1.22E-10

DCE 16 2.44E- 10 1.83E- 10 3.05E-10 3.05E- 10 - 1.22E- 10

DCE17 6.1OE-11 1.22E-10 1.83E-10 0 6.10E-11

DCE18 6.10E° 11 6.10E-11 6.10E-11 6.10E-11 1.83E-10

DCE19 1.22E-10 1.83E-10 1.22E-10 0 6.1OE-11

DCE20 1.22E-10 6.10E-11 1.83E- 10 6. IOE- 11 1.22E- 10

DCE21 0 6.10E-11 0 -1.22E- I0 6.10E-11

DCE22 1.22E-10 6.10E°I 1 1.22E-10 6.10E-11 6.10E- 11

DCE23 1.22E° 10 -6.10E-11 6.10E-11 6.10E-11 0

DCE24 0 -6.1OE-11 O 6.10E-11 6.10E-11

DCE25 2.44E- 10 3.05E- 10 1.83E- 10 0 1.22E- 10
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DCE26 6.10E- 11 1.22E-10 6.10E-11 -6.10E-11 2.44Eo 10

DCE27 6.10E-11 1.22E-10 2.44E- 10 1.22E-10 1.22E-10

DCE28 1.22E- 10 1.83E- 10 1.22E- 10 1.83E- 10 1.22E- 10

DCE29 1.22E-10 6.1OE-11 1.22E-10 6.10E-11 1.22E-10

DCE30 3.05E- 10 1.83E- 10 -6.10E- 11 3.05E- 10 1.22E- 10

DCE31 1.83E- 10 1.22E- 10 2.44E- 10 1.22E- 10 6.10E- 11

DCE32 6.10E-11 6.10E-11 1.83E-10 1.83E-10 6.10E-11

DCE33 0 -6.1OE- 11 0 6.10E- 11 0

DCE34 1 .22E- 10 O 3.05E- 10 1.83E- 10 2,44E- 10

DCE35 6.1OE-11 6.10E- 11 1.22E-10 O 1.22E-10

DCE36 2.44E-10 6.10E-11 6.10E-11 6.10E-11 O

DCE37 1.83E-10 1.22E- 10 -6.10E-11 -6.1OE-11 6.1OE-11

DCE38 1.22E- 10 1.22E-10 1.22E- 10 1.83E- 10 6.1OE- 11

DCE39 1.83E-10 -6.10E-11 6.10E-11 6.10E-11 0

MOUT40 6,10E-11 0 1.83E-10 6.10E-11 -6.1OE- 11

MOUT41 1.83E- 10 2.44E- 10 - 1.22E- 10 1,22E- 10 1.22E- 10

MOUT42 1.83 E- 10 0 2.44E- 10 6.10E- 11 1.22E- 10

MOUT43 0 6,10E-11 6,10E-11 6.10E-11 1.22E-10

MOUT44 1.83E- 10 0 1.22E- 10 6.10E- 11 1.83E- 10

MOUT45 1.83E-10 6.10E-11 6.10E-11 1.22E-10 6.10E-11

MOUT46 -6.10E-11 0 2,44E-10 -6. IOE- 11 1,22E-10

MOUT47 3.05E-10 0 6.1OE-11 6.10E-11 6.10E-11

lOS Params:VO = O.OOV, Min = - 100mA/Max =- 10mA

VCC 4.5 4.75 5.25 5,5

QO -2.23E-02 -2.47E-02 -2.70E-02 -2.93E-02 -3.18E-O2

Q1 -2.23E-02 -2.45E-02 -2.68E-02 -2.92E-O2 -3.16E-02

Q2 -2.2OE-02 -2,43E-02 -2.66E-02 -2.90E-02 -3.13E-02

Q3 -2.19E-02 -2.41E-O2 -2.65E-02 -2.88E-02 -3.12E-02

FF1 -2.23E-O2 -2.45E-02 -2,68E-02 -2,92E-02 -3.16E-O2

FF2 -2.23E-02 -2,46E-02 -2.7OE-02 -2.94E-02 -3.18E-O2

TOUT1 -2.15E-02 -2,38E-02 -2.60E-02 -2.84E-02 -3.07E-02

TOUT5 -2.17E-02 -2.39E-02 -2.62E-02 -2.85E-02 -3.09E-02

DCEO -2.17E-02 - 2.40E-O2 -2.62E-02 -2.85E-02 -3,09E-O2

DCE1 -2.17E-O2 -2.4OE-02 -2.62E-O2 -2.85Eo02 -3.O9E-O2

DCE2 -2.19E-O2 -2.41E-02 -2.65E-02 -2.88E-O2 -3.12E-02

DCE3 -2.16E-O2 -2.39E-O2 -2,62E-O2 -2.85E-02 -3.O9 E-O2

DCE4 -2.23 E-02 -2.46E-02 -2.70E-02 -2.93E-O2 -3.18E-02

DCE5 -2.21E-02 -2.45E-02 -2.68E-O2 -2.91E-02 -3.15E-O2

DCE6 -2.23E-02 -2.46E-02 -2.70E-O2 -2.93E-02 -3.17E-02

DCE7 -2.24E-02 -2.48E-02 -2.71 E-02 -2.95E-O2 -3.2OE-02

DCE8 -2.23E-02 -2.46E-O2 -2.7OE-O2 -2.94E-02 -3.18E-O2

DCE9 -2.23 E-O2 -2.46E-O2 -2.70E-02 -2.94E-O2 -3.18E-O2

DCE10 -2.25E-02 -2.48E-02 -2.71 E-O2 -2.95E-02 -3.20E-O2

DCE11 -2.21 E-02 -2.43Eo02 -2.66E-O2 -2.90E-02 -3.14E-02

DCE 12 -2.19E-02 -2.42E-O2 -2.65E-O2 -2.89E-02 -3.13E-O2

DCE13 -2.2OE-02 -2.43E-02 -2.66E-02 -2.89E-02 -3.13E-02

DCE14 -2.21 E-O2 -2.44E-02 -2.67E-02 -2.90E-O2 -3.15E-02

DCE 15 -2,20E-02 -2.43E-02 -2.66E-02 -2.89E-O2 -3.13E-02

DCE 16 -2.17E-02 -2.4OE-02 -2.62E-O2 -2.86E-02 -3 .O9E-02

DCE17 -2.16E*02 -2.39E-02 -2.62E-02 -2.85E-02 -3.09 E-O2

DCE 18 -2.17E-O2 -2.4OE-O2 -2.63E-02 -2.86E-02 -3.10E-O2

DCE 19 -2.19E-O2 -2.41E-02 -2.65E-02 -2.88E-02 -3.12E-O2

DCE20 -2.15E-02 - 2.37E-02 -2.60E-02 -2.84E-02 -3.07E-02

DCE21 -2.16E-02 -2.38E-O2 -2.62E-02 -2.85E-02 -3.09E-02

DCE22 -2,16E-02 -2,38E-O2 - 2.62E-02 -2.84E-02 -3.07E-O2

DCE23 -2,16E-O2 -2.39E-O2 -2.62E-O2 -2.85E-O2 -3.08E-O 2

DCE24 -2.16E-02 -2.38E-02 -2.61 E-02 -2.84E-02 -3,O7E-02

DCE25 -2,16E-02 -2.39E-02 -2.62E-02 -2.85E-02 -3.09E-02

DCE26 -2.19E-02 -2.41E-02 -2.65E-02 -2.88E-02 -3.12E-02

DCE27 -2.18E-O2 -2.41E-02 -2.64E-02 -2.88E-02 -3.12E-02

DCE28 -2,18E-O2 -2.41E-O2 -2.64E-02 -2.88 E-O2 -3.12E-O2

DCE29 -2.16E-02 -2.39E-02 -2,62E-02 -2.85E-O2 -3.09E-02

DCE30 -2.18E-02 -2.41 E-02 -2.64E-02 -2.87E-02 -3.11E-02

89

FN10 25.XLS Page 5



DCE31 -2.15E-O2 -2.37E-02 -2.60E-02 -2.83E-02 -3.06E-02

DCE32 -2.24E-02 -2.47 E-02 -2.71 E-02 -2.95E-02 -3.19E-02

DCE33 - 2.24E-02 -2.47E-02 -2.71 E-02 -2.95E-02 -3.18E-02

DCE34 o2.22E-02 -2.45E-02 -2.68E-02 -2.92E-02 -3.16E-02

DCE35 -2.23E-O2 -2.46E-02 -2.70E-02 -2.93E-02 -3.17E-02

DCE36 -2.19E-02 -2.41E-02 -2.65E-02 -2.88 E-02 -3.12E-02

DCE37 -2.20E-02 -2.43E-O2 -2.66E-02 -2.90E-02 -3.13E-02

DCE36 -2.2OE-O2 - 2.43E-02 - 2.66E-02 -2.90E-02 -3.14E-02

DCE39 -2.22E-02 -2.45E-02 -2.68E-02 -2.92E-O2 -3.16E-02

MOUT40 -2.16E-02 -2.38E-02 -2.61 E-02 -2.84E-02 -3.07E-02

MOUT41 -2.13E-02 -2.35E-02 -2.58E-02 -2.80E-02 -3.04E-02

MOUT42 - 2.23E-O2 - 2.47E-02 -2.70E-02 - 2_93E-O 2 -3.17E-02

MOUT43 -2.21E-02 -2.44E-02 -2.67E-02 -2.91E-02 -3.15E-02

MOUT44 -2.20E-02 -2.43E-02 "2.66E°02 -2.90E-02 -3.13E-02

MOUT45 -2.21E-02 - 2.43E-02 - 2.66E-02 -2.90E-02 o3.14E-02

MOUT46 -2.20E-02 -2.43E-02 -2.66E-02 -2.90E-02 -3.14E-02

MOUT47 -2.21 E-O2 -2.44E-02 -2.68E-02 -2.91 E-02 -3.15E-02

IOSP Params:VO = VCC, Min = 20mA/Max = 140mA

VCC 4.5 4.75

5.25 5.5

9O

QO 5.95E°02 6.43E-02 6.90E-02 7.36E-02 7.81E-02

Q1 5.96E-02 6.43E-02 6.90E-02 7.36E-02 7.80Eo02

Q2 5.99E-O2 6.46E-02 6.93E-02 7.40E-02 7.85E-02

Q3 5.99E-02 6.46E*O2 6.94E-02 7.4OE-02 7.85E-02

FF1 5.95E-O2 6.43E-02 6.89E-02 7.35E-02 7.80E-O2

FF2 5.96E-O2 6.44E-02 6.91 E-02 7.37E-02 7.82E-O2

TOUT1 5.95E-02 6.42E-02 6.88E-02 7.34E-02 7.78E-02

TOUTS 5.91 E-O2 6.38E-O2 6.84E-02 7.29E-02 7.73E-02

DCEO 6.0OE-02 6.49E-02 6.96E-02 7.43E-02 7.88E-02

DCE1 6.01 E-O2 6.49E-02 6.96E-02 7.43E-02 7.88E-02

DCE2 5.98E-02 6.45E-02 6.93E-02 7.39E-02 7.85E-02

DCE3 5.95E-O2 6.43E-02 6.9OE-02 7.37E-02 7.82E-02

DCE4 5.89E-02 6.37E-02 6.83E-02 7.29E-O2 7.73E-02

DCE5 5.92E-02 6.39E-02 6.85E-02 7.31 E-02 7.76E-02

DCE6 5.92E-O2 6.39E-02 6.85E-02 7.32E-02 7.76E-02

DCE7 5.91 E-02 6.39E-02 6.85E-02 7.31 E-02 7.76E-02

DCE8 5.95E-02 6.43E-02 6.90E-02 7.37E-02 7.82E-02

DCE9 5.96E-02 6.43E-02 6.9OE-02 7.37E-02 7.82E-02

DCE 10 5.98E-02 6.46E-02 6.93E-02 7.40E-02 7.85E-02

DCE11 6.02E-O2 6.51E-02 6.98E-02 7.45E-02 7.90E-O 2

DCE12 6.01E-02 6.49E-02 6.96E-02 7.43E-02 7.88E-02

DCE13 5.98E-02 6.46E-02 6.93E-02 7.39E-02 7.85E-02

DCE14 5.96E-02 6.44E-02 6.9OE-02 7.37 E-02 7.82E-02

DCE15 5.96E-02 6.43E-02 6.90E-02 7.37E-02 7.82E-02

DCE 16 5.95E-O2 6.43E-02 6.9OE-02 7.35E-02 7.81E-02

DCE17 5.92E-02 6.40E-02 6.87E-02 7.33E°02 7.79E-02

DCE18 5.90E-02 6.37 E-O2 6.84E-02 7.30E-02 7.75E-02

DCE19 5.91 E-02 6.38E-02 6.84E-02 7.30E-02 7.76E-02

DCE20 5.84E-O2 6.3OE-O2 6.76E-02 7.20E-02 7.64E-02

DCE21 5.85E-02 6.32E-02 6.77E-02 7.23E-02 7.66E-02

DCE22 5.85E-O2 6.32E-O2 6.78E-02 7.23E-02 7.66E-02

DCE23 5.86E-02 6.33E-02 6.79E-02 7,24E-02 7.68E-02

DCE24 5.87E-O2 6.34E-02 6.80E-02 7.25E-02 7.69E-02

DCE25 5.85E-O2 6.32E-02 6.78Eo02 7.23E-02 7.67E-02

DCE26 5.83E-02 6.29E-02 6.75E-02 7.19E-02 7.63E-02

DCE27 5.84E-02 6.3OE-O2 6.76E-02 7.21E-02 7.65E-02

DCE28 5.84E-O2 6.30E-02 6.76E-02 7.20E-02 7.63E-O2

DCE29 5.82E-02 6.29E-O2 6.74E-02 7.19E-02 7.63E-02

DCE30 5.82E-02 6.28E-02 6.73E-02 7.18E-O2 7.61 E-02

DCE31 5.8OE-02 6.26E-O2 6.71 E-02 7.15E-02 7.59E-02

DCE32 5.94E-02 6.41 E-02 6.68E-02 7.34E-02 7.79E-02

DCE33 5.95E-02 6.42E-O2 6.89E-02 7.35E-02 7.80E-02

DCE34 5.99E-02 6.4aE-02 6.95E-02 7.41 E-02 7.87E-02

DCE35 6.00E-O2 6.48E-02 6.95E-02 7.41 E-02 7.87E-02

FN10 25.XLS Page 6



DCE36 5.98E-O2 6,46E-02 6.93E-02 7.4OE-02 7.85E-02

DCE37 5.91E-02 6.38E-02 6.85E-02 7.30E-02 7.76E-02

DCE38 5.91E'-O2 6.38E-O2 6.84E-02 7.3OE-O2 7.76E-O2

DCE39 5.88E-02 6.35E-O2 6.82E-02 7.27E-02 7.72E-O2

MOUT40 5.87E-02 6.34E-02 6.80E-02 7.25E-O2 7.69E-O2

MOUT41 5.9OE-O2 6.38E-O2 6.84E-02 7.29E-02 7.73E-O2

MOUT42 5.91E-O2 6.38E-02 6.84E-02 7.3OE-02 7.74E-02

MOUT43 5.92E-O2 6.39E-02 6.85E-02 7.31 E-02 7.76E-02

MOUT44 5.92E-02 6.39E-O2 6.85E-02 7.31 E-02 7.75E-02

MOUT45 5.96E-02 6.44E-O2 6.91 E°O2 7.38E-O2 7.83E-O2

MOUT46 5.96E-02 6.44E-O2 6.91 E-O2 7.37E-O2 7.83 E-O2

MOUT47 5.96E-02 6.44E-02 6.91 E-02 7.38E-02 7,83E-O2

VIH Params: Max = 2.0V/Min =O.8V

VCC 4.5 4.75 5 5.25 5.5

RESET 1.3301 1.3711 1.4199 1.4688 1.5215

OE 1.3203 1.3711 1.4199 1.4688 1.4961

LOAD 1.3242 1.3652 1.418 1.4844 1.498

CLKIN 1.3613 1.4277 1.4902 1.5547 1.6172

TIN 1.3379 1.3926 1.4355 1.4805 1.5352

SELl 1.3184 1.3691 1.418 1.4648 1.5098

SEL2 1.3125 1.3633 1.4121 1.459 1.5078

SEL3 1.3242 1.377 1.4258 1.4707 1.5137

SEL4 1.3047 1.3555 1.4043 1.4551 1.502

QO 1.3008 1.3516 1.4023 1.4492 1.4961

Q1 1.3086 1.3555 1.4043 1.4512 1.498

Q2 1.3027 1.3516 1.3984 1.4453 1.4902

Q3 1.3027 1.3516 1.4004 1.4512 1.4941

VIL Params: Max = 2.OV/Min =O.SV

VCC 4.5 4,75 5 5.25 5.5

RESET 1.291 1.3379 1.3848 1.4316 I .4766

OE 1.2344 1.2598 I .3086 1.3535 1.4004

LOAD 1.2676 1.3086 1.3574 1.4043 1.4492

CLKIN 1.0723 I. 1152 I. 1582 1.2012 1.2422

TIN I, 1895 I, 2324 1.2813 1.3281 1.375

SELl 1,1523 1.1895 1.2383 1.2852 1.332

SEL2 1.1602 1,1895 1.2324 1.2754 1.3164

SEL3 1.1602 1.1953 1,2422 1.291 1.334

SEL4 1.1484 1.1914 1,2461 1.2969 1.3457

QO 1.2324 1.2813 1.3281 1.375 1.4199

Q1 1.2676 1.3184 1.3633 1,4102 1.457

Q2 1.2148 1.2637 1.3105 1,3574 1,4023

Q3 1.2168 1.2656 1.3145 1.3594 1.4043

DEVICE PASSED ALL TESTS
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JPL Alpha-11 A1020 FPGA

03-APR-1992 11:57:25.21

Source file: alpha11 .C:H35

Endpoint: 2000hrs

Datecode: 9129

Temp: 25 Ser #:

Page: 1

10

Tpzl Params: Ins = 3.00V/O.00V
VCC 4.5 4.75 5 5.25 5.5 LIMIT @ 5V only

DCE0 7.05E-08 6.88E-08 6.54E-08 6.32E-08 6.15E-08 1.5E-07

DCE1 7,17E-08 6.95E-08 6.63E-08 6.46E-08 6.27E-08 1.5E-07

DCE2 6.92E-08 6.72E-08 6,39E-08 6.19E-08 6,01E-08 1.5E-07

DCE3 7.03E-08 6.68E-08 6.45E-08 6.26E-08 6.09E-08 1.5E-07

DCE4 6.82E-08 6.49E-08 6.27E-08 6.05E-08 5.89E-08 1.5E-O7

DCE5 6.77E-08 6.59E-08 6,28E-08 6.05E-08 5.87E-08 1.5E-07

DCE6 6o78E-08 6.53E-08 6.23E-08 6.04E-08 5.86E-08 1.5E-07

DCE7 6.77E-08 6.44E-08 6.21E-08 6.01E°08 5.84E-08 1.5E-07

DCE8 6.71E-08 6.58E-08 6.27E-08 5.97E-08 5.86E-08 1.5E-07

DCE9 6.67E-08 6.50E-08 6.23E-08 5.97E-08 5.82E-08 1.5E-07

DCE10 6.66E-08 6.47E-08 6.13E-08 5.93E-08 5.77E-08 1.5E-07

DCE11 6.68E-08 6,38E-08 6.16E-08 5.96E-08 5.79E-08 1 o5E-07

DCE12 6.70E-08 6°40E-08 6.16E-08 5.98E-08 5.81E°08 1.5E-07

DCE13 6o67E-08 6.49E-08 6.17E-08 5.96E-08 5.79E-08 1.5E-07

DCE14 6.69E-08 6,48E-08 6,17E-08 5.96E-08 5.80E-08 1.5E-07

DCE15 6.69E-08 6.38E-08 6.16E-08 5.95E-08 5.79E-08 1.5E-07

DCE16 4.95E-08 4.84E-08 4.69E-08 4.55E-08 4.47E-08 1.5E-07

DCE17 5.07E-08 4,99E-08 4,80E-08 4.73E-08 4.63E-08 1.5E-07

DCE 18 5.44E-08 5.36E-08 5.17E-08 5.08E°08 5.00E-08 1.5E-07

DCE19 5.58E-08 5.44E-08 5.32E-08 5.22E-08 5.13E-08 1.5E-07

DCE20 5.97E-08 5.80E-08 5.67E-08 5.55E-08 5.46E-08 1.5E-07

DCE21 5.98E-08 5.89E-08 5.70E-08 5.58E-08 5.48E-08 1.5E-07

DCE22 5°98E-08 5.89E-08 5.70E-08 5.58E-08 5.47E-08 1.5E°07

DCE23 5,97E-08 5.81E-08 5.67E-08 5.56E-08 5.47E-08 1.5E-07

DCE24 5.64E-08 5.46E-08 5.18E-08 4.94E-08 4.75E-08 1.5E-07

DCE25 5.57E-08 5.38E-08 5.14E-08 4.90E-08 4.69E-08 1.5E-07

DCE26 5o59E-08 5.39E-08 5.08E-08 4.87E-08 4.70E-08 1.5E-07

DCE27 5.59E-08 5.30E-08 5°06E-08 4.86E-08 4.70E-08 1.5E-07

DCE28 5.61E°08 5.33E-08 5.09E-08 4,88E-08 4.71E-08 1.5E-07

DCE29 5.55E-08 5.28E-08 5.03E-08 4.85E-08 4.68E-08 1.5E-07

DCE30 5.61E-08 5.33E-08 5.09E-08 4.89E-08 4.72E-08 1.5E-07

DCE31 5.56E-08 5°29E-08 5.05E-08 4.84E-08 4.67E-08 1.5E-07

DCE32 6.29E-08 6.21E-08 6.03E-08 5.90E-08 5.80E-08 1.5E-07

DCE33 6.26E-08 6.16E-08 5.94E-08 5.84E-08 5.74E-08 1.5E-07

DCE34 6.54E-08 6.43E-08 6.24E-08 6.13E-08 6.05E-08 1.5E-07

DCE35 5.98E-08 5.82E-08 5.69E-08 5.59E-08 5.49E-08 1.5E-07

DCE36 6.18E-08 6.01E-08 5.88E-08 5.78E-08 5,70E-08 1.5E-07

DCE37 5.82E-08 5.64E-08 5.53E-08 5.43E-08 5.34E-08 1.5E-07

DCE38 6.04E-08 5.86E-08 5.74E-08 5.64E-08 5.53E-08 1.5E-07

DCE39 6.62E-08 6.45E-08 6.32E-08 6.20E-08 6.10E-08 1.5E°07

MOUT40 8.63E-08 8.49E-08 8.04E-08 7.79E-08 7.55E-08 1 o5E-07

MOUT41 8.66E-08 8.49E-08 8.04E-08 7°79E-08 7.55E-08 1.5E-07

MOUT42 8.83E°08 8,62E-08 8.18E-08 7.93E-08 7.72E-08 1.5E-07

MOUT43 8.23E-08 8.11E-08 7.67E-08 7.44E-08 7.25E-08 1.5E-07

MOUT44 8.14E-08 7.89E-08 7.46E-08 7.23E-08 7.03E-08 1.5E-07

MOUT45 7.89E-08 7.72E-08 7.26E-08 7,04E-08 6.85E°08 1.5E-07

MOUT46 7,67E-08 7.49E-08 7.06E-08 6.84E-08 6.65E-08 1.5E-07
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MOUT47 7.82E-08 7.64E-08 7.19E-08 6.96E-08 6.77 E-08 1.5E-07

Tpzh Params: Ins = 3.00V/0.O0V
VCC 4.5 4.75 5 5.25 5.5 LIMIT

DCEO 8.02E-08 7.48E-08 7.02E-08 6.64E-08 6.41E-08 1,5E-07

DCE1 8.24E-08 7.67E-08 7.20E-08 6.88E-08 6.62E-08 1.5E-07

DCE2 8.01E-08 7.63 E-08 7.02E-08 6.71E-08 6.42E-08 1.5E-07

DCE3 8.12E-08 7.67E-08 7.11E-08 6.77E-08 6.54E-08 1.5E°07

DCE4 7.90E-08 7.46E-08 6.88E-08 6.54E-08 6.31E-08 1.5E-07

DCE5 7.89E-08 7.50E-08 6.88E-08 6.55E-08 6.31E-08 1.5E-07

DCE6 7.89E-08 7.47E-08 6.88E-08 6.54E-08 6.28E-08 1.5E-07

DCE7 7.87E-08 7.47E-08 6.88E-08 6,54E-08 6.31E-08 1.5E-07

DCE8 7.63E-08 7.34E-08 6,73E-08 6.41E-08 6.23E-08 1,5E-07

DCE9 7.79E-08 7.38E-08 6.85E-08 6.42E-08 6.23E-08 1.5E-07

DCE10 7,75E-08 7.36E-08 6.85E-08 6.42E-08 6,21E-08 1.5E-07

DCE11 7.79E-08 7.39E-08 6.88E-08 6.42E-08 6.25E-08 1.5E-07

DCE12 7.82E-08 7,43E-08 6.88E-08 6.51E-08 6.25E-08 1.5E-07

DCE13 7.79E-08 7.40E-08 6.88E-08 6.42E-08 6.22E-08 1.5E-07

DCE14 7.81E-08 7.41E-08 6.88E-08 6.42E-08 6.25E-08 1.5E-07

DCE15 7.81E-08 7.41E-08 6.88E-08 6.42E-08 6.24E-08 1.5E-07

DCE16 5,89E-08 5.67E-08 5.07E-08 4.87E-08 4.74E-08 1.5E-07

DCE17 6.09E-08 5.84E-08 5.20E-08 5.01E-08 4.84E-08 1.5E-07

DCE18 6.42E-08 6.26E-08 5.71E-08 5.46E-08 5.30E-08 1.5E-07

DCE19 6.62E-08 6.39E-08 5.74E-08 5.58E-08 5.41E-08 1.5E-O7

DCE20 7.11E-08 6.86E-08 6.62E-08 5.97E-08 5.84E-08 1.5E-07

DCE21 7.08E-08 6.84E-08 6.34E-08 5.97E-08 5.82E-08 1.5E-07

DCE22 7.12E-08 6.86E-08 6.62E-08 5.97E-08 5.86E-08 1.5E-07

DCE23 7.11E-08 6.86E-08 6.41E-08 5.97E-08 5.85E-08 1.5E-07

DCE24 6.61E-08 6.27E-08 5.67E-08 5.31E-08 5.07E-08 1.5E-07

DCE25 6.73E-08 6.34E-08 5.64E-08 5.32E-08 5.07E-08 1.5E-07

DCE26 6.75E-08 6.37E-08 5.69E-08 5.34E-08 5.09E-08 1.5E-07

DCE27 6.74E-08 6.37E-08 5.68E-08 5.32E-08 5.08E-08 1.5E-07

DCE28 6.73E-08 6.37E-08 5.69E-08 5.34E-08 5.07E-08 1.5E-07
DCE29 6.71E-08 6.34E-08 5.63E-08 5.29E-08 5.05E-08 1.5E-07

DCE30 6.75E-08 6.37E-08 5.67E-08 5.34E-08 5.09E-08 1.5E-07

DCE31 6.75E-08 6.37E-08 5.68E-08 5.32E-08 5.07E-08 1.5E-07

DCE32 7.21E-08 7.03E°08 6.57E-08 6.28E-08 6.12E-08 1.5E-07

DCE33 7.30E-08 7.05E-08 6.62E-08 6.31E-08 6.13E-08 1.5E-07

DCE34 8.13E-08 7.78E-08 7.38E-08 6.98E-08 6.78E-08 1.5E-07

DCE35 7.06E-08 6.42E-08 6.15E-08 5.96E-08 5.80E-08 1.5E-07

DCE36 7.26E-08 7.03E-08 6.81E-08 6,30E-08 6.10E-08 1.5E-07

DCE37 6.88E-08 6.64E-08 6.14E-08 5.86E-08 5.69E-08 1.5E-07

DCE38 7.11E-08 6.87E-08 6.32E°08 5.97E-08 5,86E-08 1.5E-07

DCE39 7.71E-08 7.44E-08 6.88E-08 6.68E-08 6o49E-08 1.5E-07

MOUT40 8.90E-08 8.42E-08 8.11E-08 7.86E-08 7.64E-08 1.5E-07

MOUT41 8.95 E-08 8.46E-08 8.13E-08 7.87E-08 7.65E-08 1.5E-07

MOUT42 8.85E-08 8.50E-08 8,20E-08 7.94E-08 7.73E-08 1.5E-07

MOUT43 8.49E-08 8.08E-08 7.77E-08 7.52E-08 7.32E-08 1.5E-07

MOUT44 8.30E-08 7.87E-08 7.56E-08 7.31E-08 7.11E-08 1.5E-07

MOUT45 8.18E-08 7.71E-08 7.38E-08 7.13E-08 6.92E-08 1.5E-07

MOUT46 7.93E-08 7.49E-08 7.19E-08 6.93E-08 6.72E-08 1.5E-07

MOUT47 8.16E-08 7.63E-08 7.31E-08 7.06E-08 6.86E-08 1.5E-07
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TplzParams:Ins= 3.00V/O.OOV
VCC 4.5 4.75 5 5.25 5.5 LIMIT
DCE0 7.57E-08 6.97E-08 6.91E-08 6.83E-08 6.78E-08 1.5E-07

DCE1 7.07E-08 6.91E-08 6.84E-08 6.75E-08 6.68E-08 1.5E-07

DCE2 7.10E-08 6.92E-08 6.85E-08 6.78E-08 6.72E-08 1.5E-07

DCE3 7.39E-08 6.80E-08 6.72E-08 6.66E-08 6.59E-08 1.5E-07

DCE4 7.41E-08 6.82E-08 6.72E-08 6.64Eo08 6.60E-08 1.5E-07

DCE5 7.33E-08 6.82E-08 6.63E-08 6.55E-08 6.48E-08 1.5E-07

DCE6 7.41E-08 7.34E-08 7.23E-08 7.13E-08 7.02E°08 1.5E-07

DCE7 7.39E-08 7.29E-08 7.18E-08 6.66E-08 6.99E-08 1.5E-07

DCE8 7.08E°08 6.64E-08 6.84E-08 6.37E-08 6.29E-08 1.5E-O7

DCE9 7.19E-08 7.04E-08 6.96E-08 6.88E-08 6.82E-08 1.5E-O7

DCE10 7.16E-08 7.03E-08 6.95E-08 6.87E-08 6.82E-08 1.5E-07

DCE11 7.17E-08 7.04E-08 6.96E-08 6.88E-08 6.83E-08 1.5E-07

DCE12 7.11E-08 7.01E-08 6.93E-08 6.79E-08 6.73E-08 1.5E-07

DCE13 7.08E-08 6.99E-08 6.55E-08 6.50E-08 6.42E-08 1 .5E-07

DCE14 7.13E-08 7.04E-08 6.92E-08 6.84E°08 6.77E-08 1.5E-07

DCE15 7.13E-08 6.97E-08 6.88E-08 6.81E-08 6.75E-08 1.5E-07

DCE16 7.17E-08 7.09E-08 6.65E-08 6.89Eo08 6.84E-08 1.5E-07

DCE17 7.00E-08 6.93E-08 6.86E-08 6.32E-08 6.21E-08 1.5E-07

DCE18 7.35E-08 7.25E-08 7.08E-08 6.94E-08 6.88E-08 1.5E-07

DCE19 7.68E-08 7.59E-08 7.50E-08 7.37E-08 7.32E-08 1.5E-07

DCE20 8.05E-08 7.97E-08 7.88E-08 7.76E-08 7.69E-08 1.5E-07

DCE21 8.02E-08 7.95E-08 7.86E-08 7.21E-08 7.13E-08 1.5E-07

DCE22 8.06E-08 7.97E-08 7.83E-08 7,76E-08 7.68E-08 1.5E-07

DCE23 8.13E-08 8.03E-08 7.95E-08 7.84E-08 7.76E-08 1.5E-07

DCE24 6.01E-08 5.93E-08 5.80E-08 5.74E-08 5.68E-08 1.5E-07

DCE25 5.99E-08 5.86E-08 5.78E-08 5.70E-08 5.08E-08 1.5E-07

DCE26 6.02E-08 5.90E-08 5.82E-08 5.75E-08 5.64E-08 1.5E-07

DCE27 5.70E-08 5.82E-08 5.74E-08 5.68E-08 4.96Eo08 1.5E-07

DCE28 5.95E-08 5.83E-08 5.74E-08 5.67E-08 5.09E-08 1.5E-07

DCE29 5.95E-08 5.82E-08 5.74E-08 5.67E°08 5.60E-08 1.5E-07

DCE30 5.97E-08 5.88E-08 5.74E-08 5.69E-08 5.62E-08 1.5E-07

DCE31 5.91E-08 5.83E-08 5.70E-08 5.11E-08 5.05E-08 1.5E-07

DCE32 9.00E-08 8.93E-08 8.80E-08 8.72E-08 8.65E-08 1.5E-07

DCE33 9.00E-08 8.93E-08 8.84E-08 8.71E-08 8.64E-08 1.5E-07

DCE34 1 o02E-07 1.01 E-07 9.89E-08 9.84E-08 9.75E°08 1.5E-07

DCE35 8.72E-08 8.64E-08 8.56E-08 8.43E-08 8°37E-08 1.5E-07

DCE36 8.54E-08 8.45E-08 8.29E-08 8.22E-08 8.14E-08 1.5E-07

DCE37 8.49E-08 8.42E-08 8.34E-08 8.27E-08 8.15E-08 1.5E-07

DCE38 7.84E-08 7.76E-08 7.67E-08 7.52E-08 7.45E-08 1.5E-07

DCE39 8.95E-08 8.86E-08 8.76E-08 8.02E-08 8.53E-08 1.5E-07

MOUT40 9.54E-08 9.44E-08 9.26E-08 8.83E-08 9.06E-08 1.5Eo07

MOUT41 9.58Eo08 9.49E-08 9.38E-08 9.23E-08 9.15E-08 1.5E-07

MOUT42 9.58E-08 9.48E-08 9.36E-08 8.77E-08 8.66E-08 1.5E-07

MOUT43 9.00E-08 8.91E-08 8.83E-08 8.69E-08 8.61E-08 1.5E-07

MOUT44 9.13E-08 9.04E-08 8.95E-08 8.37E-08 8.30E-08 1.5E-07

MOUT45 8.60E-08 8.51E-08 8.36E-08 7.86E-08 8.18E-08 1.5E-07

MOUT46 8.78E-08 8.69E-08 8.61E-08 8.52E°08 7.89E-08 1.5E-07

MOUT47 8.53E-08 8.37E-08 8.28E-08 8.18E-08 8.11E-08 1.5E-07
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TphzParams:Ins= 3.00V/O.OOV
VCC 4.5 4.75 5 5.25 5.5 LIMIT
DCEO 6.90E-08 6.77E-08 6.66E-08 6.58E-08 6.47E-08 1.5E-O7

DCE1 6,88E-08 6.74E-08 6.63E-08 6.53E-08 6.43E-08 1.5E-O7

DCE2 6.88E-08 6.74E-08 6.63E-08 6.53E-08 6.44E-08 1.5E-07

DCE3 6.74E-08 6.63E-08 6.53E-08 6,42E-08 6.33E-08 1.5E-07

DCE4 6.75E-08 6.63E-08 6.51E-08 6.41E-08 6.32E-08 1.5E-07

DCE5 6,75E-08 6.62E-08 6.51E-08 6.39E-08 6.28E-08 1.5E-07

DCE6 6.77E-08 6.63E-08 6.51E-08 6.40E-08 6.32E-08 1.5E-O7

DCE7 6.75E-08 6.63E-08 6,49E-08 6.37E-08 6.30E-08 1,5E-07

DCE8 6.54E-08 6.41E-08 6.31E-08 6.20E-08 6.10E-08 1.5E-07

DCE9 6.53E-08 6.37E-08 6.26E-08 6.16E-08 6.06E-08 1.5E-07

DCE10 6.49E-08 6.36E-08 6.25E-08 6.14E-08 6.04E-08 1.5E-07

DCE11 6,48E-08 6,35E-08 6.25E-08 6.12E-08 6.04E-08 1,5E-07

DCE 12 6.48E-08 6.35E-08 6.25E-08 6.14E-08 6.04E-08 1.5E-07

DCE13 6,48E-08 6.35E-08 6.25E-08 6.13E-08 6.04E-08 1.5E-07

DCE14 6.49E-08 6.35E-08 6.25E-08 6.14E-08 6.05E-08 1.5E-07

DCE15 6.53E-08 6.37E-08 6.27E-08 6.15E-08 6.05E-08 1.5E-07

DCE16 6.52E-08 6.41E-08 6.30E-08 6.20E-08 6.11E-08 1.5E-O7

DCE17 6.43E-08 6.32E-08 6.18E-08 6.07E-08 6.00E-08 1.5E-,07

DCE18 7.11E-08 6.96E-08 6.86E-08 6.74E-08 6.67E-08 1.5E-07

DCE19 7. OOE-08 6.88E-08 6.75E-08 6.64E-08 6.57E-08 1,5E-07

DCE20 7.43E-08 7,28E-08 7,16E-08 7,05E-08 6,93E-08 1.5E-07

DCE21 7,42E-08 7.28E-08 7.16E-08 7.04E-08 6,95E-08 1.5E-07

DCE22 7.44E-08 7.30E-08 7.17E-08 7.06E-08 6.95 E-08 1.5E-07

DCE23 7.43E-08 7.30E-08 7.17E-08 7.06E-08 6,95E-08 1.5E-07

DCE24 5.26E-08 5.13E-08 5.03E-08 4.92E-08 4.81E-08 1.5E-07

DCE25 5.26E-08 5.11E-08 5.OOE-08 4.89E-O8 4,79E-08 1.5E-O7

DCE26 5.27E-08 5.16E-08 5.05E-08 4.95E-08 4.84E-08 1.5E-07

DCE27 5.27E-08 5.16E-08 5.05E-08 4.93E-08 4.84E-08 1.5E-07

DCE28 5.27E-08 5.14E-08 5.02E-08 4.90E-08 4.83E-08 1.5E-07

DCE29 5.24E-08 5.11E-08 4.99E-08 4.89E-08 4.79E-08 1.5E-07

DCE30 5.28E-08 5.16E-08 5.04E-08 4.93E-08 4.84E-08 1.5E-07

DCE31 5.25E-08 5.11E-08 4.98E-08 4.88E-08 4.80E-08 1.5E-07

DCE32 8.45E-08 8.31E-08 8,18E-08 8.05E-08 7,95E-08 1,5E-07

DCE33 8.43E-08 8,29E-08 8.15E-08 8.02E-08 7.94E-08 1.5E-07

DCE34 8.85E-08 8.78E-08 8.64E-08 8.39E-08 8.25E-08 1.5E-07

DCE35 8.01E-08 7.90E-08 7.75E-08 7.65E-08 7.58E-08 1.5E-O7

DCE36 7.85E-08 7.73E-08 7.59E-08 7.51E-O8 7.38E-08 1.5E-O7

DCE37 7.84E-08 7.73E-08 7.60E-08 7.51E-08 7.41E-08 1.5E-07

DCE38 7.73E-08 7.58E-08 7.43E-08 7.33E-08 7,23E-08 1,5E-07

DCE39 8.43E-08 8.27E-08 8,12E-08 8,01E-08 7,90E-08 1,5E-07

MOUT40 8,92E-08 8,77E-08 8.62E-08 8.51E-08 8.39E-08 1.5E-07

MOUT41 8.93E-08 8.77E-08 8.63E-08 8.50E-08 8.40E-08 1.5E-07

MOUT42 9.07E-08 8.91E-08 8,77E-08 8.62E-08 8.52E-08 1.5E-O7

MOUT43 8.45E-08 8.31E-08 8.18E-08 8.07E-08 7.95E-O8 1.5E-07

MOUT44 8.69E-08 8.55E-08 8.42E-08 8.28E-08 8.18E-O8 1.5E-07

MOUT45 8.07E-08 7.91"E-08 7.78E-08 7.67E-08 7.57E-08 1.5E-07

MOUT46 8.33E-08 8.20E-08 8.05E-08 7.93E-08 7.83E-08 1.5E-07

MOUT47 8.07E-08 7.93E-08 7.80E-08 7.68E-08 7.57E-08 1.5E-O7

DEVICE PASSED ALL TESTS
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JPLAlpha-11 A1020 FPGA
03-APR-199210:12:56.90
Sourcefile: alpha11,C:H35
Endpoint: 2000hrs

Datecode:9129
Temp: 25 Ser #: 10

Page: 1

Tplh_clk Params: Ins = 3.00V/O.00V
VCC 4.5 4.75

Q0 2.73E-08 * 2.59E-08

(31 2.80E-08 * 2.67E-08

Q2 4.95E-08 4.82E-08

Q3 6.32E-08 6,15E-08

FF1 2.32E-08 2.23E-08

FF2 2.85E-08 * 2.74E-08

TOUT1 4.59E-08 4.43E-08

TOUT5 8.66E-08 8.37E-08

DCE0 8.20E-08 7.89E-08

DCE1 7.64E-08 7.49E-08

DCE2 7.21E-08 6.96E-08

DCE3 7.87E-08 7.70E-08

DCE4 8.50E-08 8.22E-08

DCE5 7o56E-08 7.42E-08

DCE6 7.55E-08 7.42E-08

DCE7 8.90E-08 * 8.58E-08

DCE8 5.67E-08 5.48E-08

DCE9 5.57E-08 5.39E-08

DCE10 5.58E-08 5.40E-08

DCE11 5.62E-08 5.44E-08

DCE12 5.45E-08 5.27E-08

DCE13 5.79E-08 5.58E-08

DCE14 5.63E-08 5.44E-08

DCE15 6.18E-08 5.97E-08

DCE16 6.04E-08 5.81E-08

DCE17 6.11E-08 5.88E-08

DCE18 5.95E-08 5.77E-08

DCE19 6.23E-08 6.01E-08

DCE20 6.38E-08 6.11E-08

DCE21 6.03E-08 5.81E-08

DCE22 6.12E-08 5.92E-08

DCE23 6.43E-08 6.22E-08

DCE24 5.88E-08 ° 5.65E-08

DCE25 5.36E-08 5.16E-08

DCE26 5.77E-08 * 5.53E-08

DCE27 5.32E-08 5.10E-08

DCE28 5.85E-08 * 5.61E-08

DCE29 5.30E-08 5.08E-08

DCE30 5.58E-08 • 5.34E-08

DCE31 5.61E-08 5.39E-08

DCE32 7.01E-08 6.79E-08

DCE33 6.79E-08 6.52E-08

DCE34 7.56E-08 ° 7.31E-08

DCE35 6.83E-08 6.55E-08

DCE36 7.05E-08 6.79E-08

DCE37 6.48E-08 " 6.19E-08

DCE38 6.29E-08 6.05E-08

5 5.25

2,50E-08 2.41E-08

* 2.55E-08 2.47E-08

4.71E-08 4.62E-08

6.01E-08 5.90E-08

2.16E-08 2.08E-08

* 2.64E-08 * 2.56E-08

4.31E-08 4.21E-08

8.12E-08 7.90E-08

7 o64E-08 7.43E-08

7.38E-08 7.29E-08

6.73E-08 6.55E-08

7.56E-08 7.43E-08

7.95E-08 7.73E-08

7.32E-08 7.24E-08

7.31E-08 7.23E-08

8.30E-08 8,08E-08

5.34E-08 5.21E-08

5.24 E-08 5.11 E-08

5.25E-08 5.13E-08

5.30E-08 5.17E-08

5.11E-08 4.98E-08

5.41E-08 5.27E-08

5.30E-08 5.16E-08

5.81E-08 5.66E-08

5.61E-08 5.44E-08

5.69E-08 5.52E-08

5.61E-08 5.49E-08

5.81E-08 5.64E-08

5.89E-08 5.71E-08

5.62E-08 5.47E-08

5.76E-08 5.62E-08

6.02E-08 5.88E-08

5.44E-08 5.27E-08

4.97E-08 4.82E-08

5.34E-08 5.17Eo08

4.92E-08 4.77Eo08

* 5.41E-08 5.23E-08

4.91E-08 4.75E-08

5.16E-08 4.98E-08

5.21E-08 5.05E-08

6.59E-08 6.44E-08

6.30E-08 6.09E-08

• 7.06E-08 * 6.85E'08

6.32E-08 6.12E-08

6.57E-08 6.38E-08

5.96E-08 5.76E'08

5.85E-08 5.68E'08

96

5.5

2.34E-08

2,39E-08

4.54E-08

5.81E-08

2.03E-08

2.48E-08 _

4.12E-08

7.71E-08

7.26E-08

7.20E-08

6.40E-08

7.31E-08

7.55E-08

7.16E-08

7.16E-08

7.89E-08

5.09E-08

5.00E-08

5.01E-08

5.07E-08

4.86E-08

5.15 E-08

5,05E-08

5,53E-08

5.31E-08

5.39E-08

5,39E-08

5.50E-08

5.56E-08

5.34E-08

5.51E-08

5.75E-08

5.11E-08

4.70E-08

5.02E-08

4.64E-08

5.08E-08

4,63E-08

4,83E-08

4.91E-08

6.30E-08

5.92E-08

6,66E-08

5,94E-08

6.22E-08

5.59E-08

5.54E-08

ASN10

LIMIT VALID

@ 5V only

2.68E-08

2.66E-08

5.27E-08

6,94E-08

2.36E-08

2.37E-08

5.45E-08

1.07E-07

8.66E-08

8.73E-08

8.65E-08

8,67E-08

8.60E-08

8.67E-08

8.68E-08

8.64E-08

6.24E-08

6.07E-08

6.01E-08

6.13E-08

5.97E-08

6.10E-08

6.26E-08

6.36E-08

6.44E-08

6.57E-08

6.41E-08

6.29E-08

6.41E-08

6.45E-08

6.51E-08

6.74E-08

5.70E-08

5,57E-08

5,63E-08

5.60E-08

5.50E-08

5.58E-08

5.56E-08

6.16E-08

7.54E-08

6.86E-08

7.02E-08

6.91E-08

7.27E-08

6.30E-08

6.31E-08
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DCE39 6.51E-08 6.21E-08 5.98E-08 5.77E-08
MOUT40 8.02E-08 7.71E-08 7.45E-08 7.22E-08
MOUT41 8.68E-08 8.41E-08 8.19E-08 7.99E-08
MOUT42 8.72E-08 8.42E-08 8.16E-08 7.94E-08
MOUT43 9.22E-08 8.93E-08 8.69E-08 8.47E-08
MOUT44 8.86E-08 8.62E-08 8.42E-08 8.24Eo08
MOUT45 8.56E-08 8.32E-08 8.13E-08 7.96E-08
MOUT46 7.85E-08 7.60E-08 7.39E-08 7.20E-08
MOUT47 8.68E°08 8.43E-08 8.18E-08 7.99E-08

Tphl_clkParams:Ins=3.00V/0.00V
VCC 4.5 4.75 5
QO 2.53E-08 2.46E-08 2.39E-08
Q1 2.49E-08 2.40E-08 2.34E-08
(32 4.89E-08 4.80E-08 4.71E-08
Q3 6.28E-08 6.18E-08 6.09E-08
FF1 2.23E-08 2.16E-08 2.10E-08
FF2 2.71E-08 * 2.62E-08 * 2.54E-08 *

TOUT1 5.15E-08 5.06E-08 4.97E-08

TOUT5 4.79E-08 4.71E°08 4.65E-08

DCE0 8.66E-08 8.38E-08 8o14E-08

DCE1 6.59E-08 6.39E-08 6.25E-08

DCE2 7.76E-08 7.60E-08 7.47E-08

DCE3 7.89E-08 7.74E-08 7.61E-08

DCE4 8.34E-08 8.05E°08 7.78E-08

DCE5 6.40E-08 6.23E-08 6.09E-08

DCE6 6.59E-08 6.35E-08 6.15E-08

DCE7 6.54E-08 6.31E-08 6.10E-08

DCE8 5.60E-08 5.44E-08 5.30E-08

DCE9 5.61E°08 5.44E-08 5.31E-08

DCE10 5.33E-08 5.18Eo08 5.05E-08

DCE11 5.74E-08 5.58E-08 5.44E-08

DCE12 5.51E-08 5.35E-08 5.21E-08

DCE13 5.72E-08 5.56E-08 5.42E-08

DCE14 5.42E-08 5.26E-08 5.13E-08

DCE15 6.05E-08 5.86E-08 5.72E-08

DCE16 6.05E-08 5.83E-08 5.65E-08

DCE17 6.29E-08 6.06E°08 5.87E-08

DCE18 5.95E-08 5.72E-08 5.55E-08

DCE19 6.02E-08 5.84E-08 5.72E-08

DCE20 6.27E-08 6.06E-08 5.88E-08

DCE21 6.18E-08 5.94E-08 5.78E-08

DCE22 6.36E-08 6.16E°08 6.01E-08

DCE23 6.31E-08 6.10E-08 5.90E-08

DCE24 5.48E-08 5.29E-08 5.12E-08

DCE25 5.30E-08 5.11E-08 4.93E-08

DCE26 5.22E-08 5.10E-08 4.97E-08

DCE27 5.52E-08 5.31E-08 5.16E°08

DCE28 5.59E-08 * 5.42E-08 5.28E-08

DCE29 5.61E-08 * 5.42E-08 5.25E-08

DCE30 5.53E-08 5.35E-08 5.17E-08

DCE31 5.85E-08 5.65E-08 5.48Eo08

DCE32 7.58E-08 " 7.32E-08 7.08E°08

DCE33 6.36E°08 6.17E-08 6.02E-08

DCE34 7.57E-08 • 7.31E-08 • 7.08E-08

9?

5.25

2.33E-08

2.27E-08

4.65E-08

6.02E-08

2.05E-08

2.46E-08

4.91E-08

4.59E-08

7o92E-08

6.12E-08

7.36E-08

7.50E-08

7.57E-08

5.94E-08

5.96E-08

5.92E-08

5.19E-08

5.19E-08

4.93E-08

5.32E-08

5.10E-08

5.30E-08

5.01E-08

5.59E-08

5.49E°08

5.71E°08

5.39E-08

5.60E-08

5.75E-08

5.66E°08

5.86E-08

5.75E-08

4.96E-08

4.79E-08

4.87E-08

5.02E-08

5.16E-08

5.12E-08

5.03E-08

5.34E-08

6.87E-08

5.88E-08

• 6.88E-08

5.61E-08 6.60E-08

7.06E-08 8.40E-08

7.83 E-08 9.10E-08

7.75E-08 9.67E-08

8.30 E°08 1. OOE-07

8.10E-08 9.85E-08

7o82E-08 9.22E-08

7.05E-08 8.92E-08

7.83 E-08 9.00E-08

5.5 LIMIT

2.29 E-08 2.68E-08

2.23E-08 2.66E-08

4.57E-08 5.27E-08

5.94E-08 6.94E-08

2.02E-08 2.36E-08

2.39E-08 * 2.37E-08

4.86E-08 5.45E-08

4.54E-08 1.07E-07

7.73E-08 8.66E-08

6.01 E-08 8.73E-08

7.26E-08 8.65E-08

7.40E-08 8.67E-08

7.38E-08 8.60E-08

5.82E-08 8.67E-08

5.81 E-08 8.68E-08

5.77E°08 8.64E-08

5.08E-08 6.24E-08

5.08E-08 6.07E-08

4.83 E-08 6.01 E-08

5.21E-08 6.13E-08

4.99E-08 5.97E-08

5.20E-08 6.10E-08

4.90E-08 6.26E-08

5.48E-08 6.36E-08

5.36E-08 6.44E-08

5.57E°08 6.57E-08

5.25 E-08 6.41E-08

5.49E°08 6.29E-08

5.63E-08 6.41E-08

5.56E-08 6.45E-08

5.73E-08 6.51E-08

5.61E-08 6.74E-08

4.83E-08 5.70E°08

4.66E-08 5.57E-08

4.78E-08 5.63E-08

4.89 E-08 5.60E-08

5.05E-08 5.50E-08

4.98E-08 5.58E°08

4.90E-08 5.56E-08

5.21 E-08 6.16E-08

6.70E-08 7.54E-08

5.76E-08 6.86E-08

6.78 E-08 7.02E-08
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DCE35 6.53E-08 6.35E-08 6,18E-08 6.02E-08 5.88E-08

DCE36 7.23E-08 6.97E-08 6.83E-08 6.70E-08 6,59E-08

DCE37 6.12E-08 5.92E-08 5,78E-08 5.65E-08 5.53E-08

DCE38 6.42E-08 " 6.17E-08 5.94E-08 5.75E-08 5,62E-08

DCE39 6.26E-08 6.07E-08 5,89E-08 5.75E-08 5.62E-08

MOUT40 7.74E-08 7.49E-08 7.28E-08 7.09E-08 6.92E-08

MOUT41 8.57E-08 8.28E-08 8.02E-08 7.76E-08 7.56E-08

MOUT42 8.83E-08 8.63E-08 8.47E-08 8.33E-08 8,20E-08

MOUT43 8.91E-08 8.63E-08 8,39E-08 8.18E-08 8.01E-08

MOUT44 9.01E-08 8.71E-08 8.48E-08 8.26E-08 8,09E-08

MOUT45 8.73E-08 8.44E-08 8.17E-08 7.93E-08 7.74E-08

MOUT46 7.77E-08 7.48E-08 7,26E-08 7.07E-08 6.89E-08

MOUT47 7.81E-08 7.56E-08 7,33E-08 7.14E-08 6,98E-08

Tin Params: Ins =3.00V/0.00V

VCC 4.5 4.75

TOUT1 2.80E-08 2.69E-08

TOUT5 6.71E-08 6.46E-08

5

2.61E-08

6.25E-08

5.25

2.54E-08

6.07E-08

5.5

2,48E-08

5.90E-08

6.91E-08

7.27E-08

6.30E-08

6.31E-08

6.60E-08

8.40E-08

9.10E-08

9.67E-08

1.00E-07

9.85E-08

9.22E-08

8,92E-08

9.00E-08

LIMIT

3.15E-08

8.76E-08

Comb test Params: Ins = 3.00V/0.00V

VCC 4.5 4.75 5 5.25 5.5 LIMIT

SELl 8.28E-08 8.01E-08 7,78E-08 7.60E-08 7.42E-08 0.00000015

SEL2 3.08E-08 2.95E-08 2.84E-08 2.75E-08 2.68E-08 0.00000015

SEL3 3.42E-08 3.27E-08 3.17E-08 3.06E-08 2.97E-08 0.00000015

SEL4 4.75E-08 4.58E-08 4,43E-08 4.30E-08 4.20E-08 0.00000015

RESET 1 .17E-07 1.13E-07 1.10E-07 1.08E-07 1.06E-07 0.00000015

Set_up Params: Ins =3.00V/O.00V
VCC 4.5 4.75 5 5.25 5.5 LIMIT

Q0 1.49E-08 1.47E-08 1.44E-08 1.42E-08 1.40E-08 -20/+ 50 E-9

Q1 1.84E-08 1.82E-08 1.77E-08 1.75E-08 1.73E-08 -201 + 50 E-9

Q2 1.31 E-08 1.31 E-08 1.29E-08 1.27E-08 1 o25E-08 -20/+ 50 E-9

Q3 1.73E-08 1.69E-08 1.66E-08 1.64E-08 1.62E-08 -20/+ 50 E-9

LOAD 1.80E-08 1.72E-08 1.66E-08 1,.60E-08 1.56E-08 -201 + 50 E-9

Hold Params: Ins=3.00V/0.00V

VCC 4.5 4.75 5 5.25 5.5

Q0 -1.80E-08 -1.77E-08 -1.77E-08 -1.77E-08

Q1 -2.46E-08 -2.43E-08 -2.43E-08 -2.41E-08 -2.41E-08

Q2 -1.70E-08 -1.67E-08 -1.65E-08 -1.65E-08 -1.63E-08

Q3 -2.19E-08 -2.16E-08 -2.14E-08 -2.11E-08 -2.09E°08

LOAD -1.41 E-08 -1.33E-08 -1.28E-08 -1.23E-08 -1.19E-08

LIMIT

-40e-910

-40e-9/0

-40e-910

40e-910

-40e-9/0

Pulse width Params: Ins = 3.00V/0.00V

VCC 4.5 4.75

CLKIN 1.84E-08 1.83E-08

5

1.81 E-08

5.25

1.80E-08

Pulse width Params: Ins = 3.00V/0.00V

VCC 4.5 4.75

RESET 2.96E-08 2.91E-08

5

2.85E-08

5.25

2.81E-08

DEVICE FAILED 4 TEST(S) @ 5V

5,5

1.80E-08

LIMIT

0.00000005

5.5

2.77E-08

LIMIT

0.00000005
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SECTION 2.6

Life Test Results





JPL/HUGHES AIRCRAFT DATA SUMMARY

ACTEL 1020 FPGA 2000 hours LIFE TEST RESULTS

t ]
L

PARAMETRIC RESULTS

TEMP:-55°C TO 125°C !

VCC:4.50V TO 5.50V

VOH VOL ISB IlL IIH

Unit #1 control control control [control control
Unit #2 pass jpass _pass pass _pass

Unit #3 pass pass pass pass pass

Unit #4 pass _ass pass pass pass

Unit #5 pass pass )ass pass pass

Unit #O pass pass pass pass pass

Unit #7 pass pass pass pass pass

Unit #7 pass pass pass pass pass

Unit #8 pass pass pass pass pass

Unit _ pass Ipass pass pass pass

Unit #10 pass pass pass pass pass
Unit #1 1 pass pass pass pass pass

IOZL

control

pass

pass

pass

pass

pass

pass

pass

Ipass

pass

pass

pass

IOZH iOS IOSP VIH VIL

control control control control icontrol

pass pass _pass pass :pass

pass pass pass pass )ass
pass pass pass pass pass
pass pass pass pass pass

pass pass pass pass _pass

pass pass pass pass

T

pass pass pass pass pass

pass pass pass pass )ass

pass pass pass Ipass )ass
pass pass ipass !pass )ass

Max Limit 5.50V 400my 25me 10ua 10ua

Max Value 5.2617v 129.6mv 0.305ha 7.9ha

Min Limit 3.7v 0.00v -10ua -10ua

Min Value 4.154v 92.96mv 0me -0.7ha -0.2na

ALLUNITS PASSEDTEMPERATUREAND VOLTAGERANGE

lOua lOua -lOOma 140me 2.00v

O.65na 8.3ha -19.5ma 67.62ma 1.65v

.lOua -lOua -lOma 20me O.600v

•1.0na -1.0na -33.5ma 55.3ma 1.2617v

2.00v

1.4922v

0.800v

1.041v

lOl

• JO0 _ F:-_;"_:Oll_..;..... P,_'_: _'_'LA,.,, .o1 '".. ,.,',_:t,_"'--'_
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SECTION 2.7

Anomalous Behavior of Device Inputs

PREt_EDtNG PAIGE _SLANK i';Ol" _'ILIV_.U





TO:

FROM"

Fhe ]unn$ HooKm$ L n,,,e_,,v

Appiiecl Physics [_boratorv
Laurel, _,|awtand 20723609_t

W. S. Devereux

R. C. Moore

$2F-92-0101

March 30, 1992

(F_J)R9BFXSOR)

SUBJECT: Anomalous Behavior of Actel 1020 FPGA Inputs

During checkout of the first EGTT engineering and GSE models

we have discovered what appears to be a potential applications
problem with logic inputs of the Actel A1020 2000-gate field-

programmable gate array (FPGA). The problem involves inputs that
behave briefly as outputs during power turn-on. This memorandum

documents our findings to date, indicates certain applications that
may be vulnerable to the effects of this problem, and indicates the
steps I recommend to avoid those effects.

During power-on, the +5V logic supply rail of a flight electronics
system typically rises from 0V to +SV in 50 ms or less. Because the

regulator output is current-limited during this transition, the rise is

more or less linear, with a slope in the range from 0.1 V/ms to 5

V/ms. The Actel 1020 FPGA has a universal pad driver design that
may be configured as an input, output, three-state output, or bi-

directional input/output. This configuration of the pad driver is ac-

complished by programming "anti-fuses" in the pad driver circuitry.

Unfortunately, as the +SV logic supply rail passes through the region
from approximately 2.2V through 2.5V, pad drivers that have been

programmed as inputs may behave temporarily as outputs that are

in the logic-H state. These input pins therefore will temporarily
source current (approximately 8--10 mA, if not otherwise limited)

into whatever driver is connected to them. They will be sourcing this
current from the +SV logic rail, which at this time is at 2.2-2.5 volts.

The duration of this input anomaly is a function of the power rail
rise time. For +SV rails that come up quickly, at 5 V/ms, the duration

of the problem will be only -60 IJ.s. For supply rails that rise slowly,
at 0.1 V/ms, the duration of the problem will be 3 ms. In the former

case, the Actel 1020 input can deliver as much as 0.6 I_C to the circuit

that drives it; in the latter case, the charge is as much as 30 _tC. For
many driver circuits, this amount of charge is insignificant; however,

for others it can be quite upsetting.
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÷5V

1 N571 MQ

PORI

GROUND

ACTEL

1020

t
w

Figure I: Typical POR Circuit for CMOS FPGA

Consider, for example, the typical power-on reset (POR) circuit of

Figure 1. A capacitor is charged through a resistance to the +5V logic

supply raft, using a time constant that is larger than the supply raft
rise time, so that the input to the Actel 1020 is briefly at logic L during

power-on, then remains at logic H until power-off. A diode across
the resistor is used to discharge the POR capacitor at power-off.

Using the 0.1 _F capacitance shown in Figure 1, 10 mA of unexpected
current out of the Actel 1020 input will result in a voltage rise rate on

the capacitor of z_v/&t = i/C = 0.1 V/l_s. If the logic supply raft takes
at least 25 #s to pass through the .range from 2.2V to 2.5V, the Actel

input anomaly will charge the POR capacitor to almost 2.5V during

power-on. This is enough to place _POR at a logic H for the rest of

the power supply raft rise time, thereby defeating the intent of the

circuit designer. Clearly, in this case at least, this is an unadvertised
"feature" of the Actel 1020 input that is definitely not desirable!

This problem has an easy solution: insert a series resistance in the

Actel input line of sufficient size to limit the effect of the anomaly to a
safe value. In the case of the POR circuit, the series resistance must

be chosen so as to keep z_ < IV (to guarantee that _POR remains at a

logic L following the anomaly, when the logic supply raft is at -2.5V).
For a power raft rise rate of 0.1 V/ms, for example, the anomaly

duration will be about 3 ms. This means that, for a POR capadtance

of 0.1 p.F, the current out of the Actel 1020 input must be limited to i =

C z_v/&t = 0.1 p.F • I V / 3 ms = 33 gA. This can be achieved using a
resistance of 22.4 V/33 p.A = 68 k.Q.
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+5V

Figure 2:

1N5711 lkCQ

POR ACTEL
1020

k.Q

GROUND

ii | i

POR Circuit with Current-limiting Resistor

Figure 2 shows the additional circuitry. This circuit has been

tested, and it does indeed eliminate the problem. By the way, if you
try to duplicate this problem at your workbench, be advised that the

Actel 1020 will not exhibit the anomaly unless its internal nodes have

fuUy discharged. If the power raft has been turned off (0 volts on the

+SV raft) for less than about ten minutes, at room temperature, the
anomaly will not occur. (I first noticed this problem when our system

was turned on after being off overnight.) As the supply raft rises

from 2.2V to 2.5V you will also notice a significant rise in Actel 1020

supply current, typically as much as 50--60 mA above normal. This

rise in supply current should pose no great problem for the typical

+5V regulator, but be sure you de-couple the Actel 1020 locally.

If you are driving an Actel 1020 input with a driver that doesn't

like to see a source of current at its out-put, or if you have Actel 1020

inputs that connect to a multiple-source data bus (a bus that may be

driven by multiple three-state output drivers), I strongly recommend

that the bus driver(s) be three-stated during POR. This could save

you days of frustrating trouble-shooting.

Robert C. Moore

EGTr Baseband Design
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REF: DOSE RATE TEST REPORT FOR THE ACTEL 1 & 11

ASIC's, MARCH 1992

115 PR._:_J_DII_,.i PAL;;-: _L_o..,, ,uT _.._.._ED



1. ABSTRACT

Actel Corporation's ACT I (A1020) and ACT II (A1280) CMOS ASICs were dose

rate tested at the Rockwell Autonetics Radiation Lab in Anaheim, CA on February 21,

1992. Five ACT I and two ACT II devices were checked for dose rate induced upset (U)

latchup (LU) and burnout (BO). Each sample was programmed so that 95% of its gates

were utilized in a series of combinational logic so that no matter where in the series an upset

occurred it could be observed on an output.

The ACT I devices were of the same variety: Actel part number A1020, Magnavox

part number 6BI3 and LDC 9132. The ACT II devices (A1280, LDC ES9143) were

programmed slightly different from each other: Magnavox part number F6D2 was

programmed with 6 outputs; 5DE7 with 3.

None of the parts exhibited latchup or burnout through =3 x 109 rad(Si)/s (17 ns

FWHM). However, 3 forms of upset observed in these devices: U1) An output voltage

transient of greater than or equal to 1 V (somewhat arbitrary threshold, many circuits can

tolerate more); U2) A lost or shortened output pulse; and U3) the output railed either HIGH

or LOW and required a manual RESET to resume normal operation.

The ACT I exhibited a highest no U1 threshold of 1.14 x l08 rad(Si)/s

(0.50/90%), 8.71 x 107 (0.99/90%); a highest no U2 threshold of 1.82 x 108 rad(Si)/s

(0.50/90%), 5.19 x 107 (0.99/90%); and a highest no U3 threshold of

2.53 x 108 rad(Si)/s (0.50/90%), 1.87 x 107 (0.99/90%).

The low sample size of ACT II devices precludes any meaningful statistical

manipulations. The one sample of F6D2 demonstrated a highest no U1 of

8.34 x 107 rad(Si)/s and a highest no U2 of 2.65 x 108 rad(Si)/s. U3 was not

observed in the F6D2. The one sample of 5DE7 showed a highest no U1 of

8.52 x 107 rad(Si)/s and a highest no U2 and U3 of 3.43 x 108 rad(Si)/s.
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2. RADIATION FACILITIES AND DOSIMETRY

2.1 Source

Dose rate testing was performed at the Rockwell International Autonetics Division's

Febetron 705 Flash X-Ray facility located in Anaheim, California. The Febetron 705

2.3 MeV FXR Machine, made by Hewlett Packard, was used to simulate transient

ionization effects which produce photocurrents in semiconductors. The parts can be tested

for upset threshold, latchup threshold, or survivability with varying radiation levels of the

FXR pulse.

The FXR can be used to simulate electron beam energy or bremsstrahlung

conversion into x-ray. The machine uses a bank of capacitors charged in parallel and

discharged in series by means of spark gap switches. An electron beam is generated by

discharging through a field-emission cathode vacuum tube. A magnetic coil around the

discharge tube produces a magnetic field which focuses the electron beam. The anode

material determines the mode of operation.

This test used the Febetron in the x-ray mode. In this mode, a tantalum plate is

used to convert the electron beam energy into bremsstrahlung x-radiation. A maximum

dose of 1 krad(Si) can be achieved. For the electron beam mode, the tantalum plate is

removed and a beam collimator is attached. The maximum dose which can be obtained is

1 Mrad(Si). In both cases the radiation is delivered in a nominal 15 ns (FWHM). The

Febetron 705 Flash X-Ray Machine and operating parameters are shown in

Figure 2.1.1-1.

The dose rate can be adjusted by varying the distance between the object to be

exposed and the FXR face plate. This is plotted in Figure 2.1.1-2 for both the electron

beam and the x-ray modes. In the x-ray mode, the dose is a function of 1/d 2 (d being the

distance). Isodose contours are depicted in Figure 2.1.1-3. The exposure area also

changes with distance; in the electron beam mode it ranges from I/4" diameter at the face

plate to a 12" diameter at 100 inches away (dose rate equal to 3 x 109 rad(Si)/s).
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Flash X-Ray Parameters

Maximum Charging Voltage

Maximum Electron Energy

Average Electron Energy

Total Beam Energy per Pulse

Maximtma Pulse Repetition Rate

Pulse Width

35 kV

2.3 MeV

1.4 MeV

400 J

2 pulses/min

15 ns (FWFLM)

Electron Beam Mode

Maximum dose

Dose Rate Range (1" to 100")

Peak Electron Energ 7 Huence/Pulse

1 Mrad(Si)

3 x 1013 to 1 x 109 rad(Si)/s

approx. 25 cal/cm 2

Flash X-Ray (Bremsstrahlung)

Maximum dose

Dose Rate (1" from face plate)

Mean Photon Energ 7

Mode (Tantalum Target)

1 krad(Si) (touching face plate, narrow beam)

3 x 109 rad(Si)/s

approx. 700 keV

Figure 2.1.1-1 Febetron 705 Flash X-Ray Machine
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The device under test (DUT) and supportcircuitry (loads, line drivers, etc.) are

housed in an RF shielded enclosure. Support circuitry is further shielded by lead and

aluminum laminationsto minimize falsesignals. In supportof FXR radiation testing,real

time monitoring of the DUT is accomplishedusingthe Digital Sign_alAnalysis System

which consistsof nineteentransientwaveformdigitizers. TheseincludeTektronix 7912AD

andRTD710, andLeCroy 8828Cand6880A.

2. t.2 Dosimetry

Active dosimetry for measuring dose rate is provided at the Flash X-Ray source.

Calibrated radiation detector diodes provide pulse waveforms that appear on a digitizer

screen. Other dosimetry such as TED and Calcium Fluoride capsule is also available as an

option. The calibration of all sources are directly traceable to the National Institute of

Standards and Technology.
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4. TEST RESULTS

The ACT I (B613) and ACT II (F6D2 and 5DE7) test results are summarized in

Tables 4.1-1, 4.1-2 and 4.1-3. Raw test data is presented in Appendix A-1 (B613), A-2

(F6D2) and A-3 (5DE7) in order of increasing sample number and increasing radiation

level.

Sample #

Table 4.1-1. ACT I Dose Rate Test Results.

Dose Ram Upset Type

@ 15ns FWHM Transient Los't/3hortmacd Rail

Lalchup BuFnollt CoTrwn ea"_

ACT I, B613 Actel A 1020 CMOS ASIC (I.13(2 = 9132, Sample Size = 5)
1

L '5

6.26E+U7

8.63E407

1.28E+O8

1.30E+O8

3.90E+08

5.89E+O7

8.14E+O7

1.2.5E+O8

1.99E+438

2.8 IE_438

3.27E+08

a.06E+08

2.80E+09

Z85E+O9

5.79E+O7

8.90E+O7

1.23E+-08

2.4 IE-_08

Z74E+438

3.79E_-08

4.55E+-08

5.73E-1438

9.29E+08

1.01E+09

Z78E+-O9

=0

9.73E.O7

1.23E+-08

1.99E+-08

2.,taE+_38

2.78E+O8

3.82E+O8

ZSOE+O9

5.61E+07

8.26E-_07

I. 10E_,-08

1.23E+O8

2.71 E-t-08

3.07E_-08

3.65E*O8

2.80E_,-09

50

5t

52

I

2

49

48

47

13

14

16

15

t8

17

44

45

46

26

20

21

22

23

24

19

28

29

32

31

30

27

34

33

35

43

42

41

40

39

38

37

36

no

no

no

no

no

no

no

YES

Y'ES

1"1o

no

1"1o

YES

Not Likely

rio

no

no

YES

YES

SotLike_
I1o

no

no

YES

0.4

0.7 no

0.8 no

0.8 no

0.60 no

0.70 no

0.80 no

1.60 no

ZOO no

YES

0.40 no

0.60 no

0.80 no

1.60 no

YES

YES

YES

YES

rct,y_

no

no

0.00 no

0.90 no

1.60 no

1.80 no

YES

su_
0.30 no

0.70 no

0.80 no

1.40 no

1.90 no

YES

Dose ram oc.cun'ed on ld to L wmsision mad may have rrutskcd the upset.

U _se_tI(UI)is a output voltagetransicraof grv.am_tl-t_orequal to I V.

1_ ,_t 7' (U73 is • Io_ err shor_mext outer 0ulr, e

DO

no

DO

DO

YES

DO

DO

no

IX)

rio

YES

YES

YES

no

tlo

Do

DO

FIO

no

DO

DO

YES

YES

no

no

[3o

Oo

Do

no

DO

YES

Not Lilly

DO

no

no

YES

no

13.o

i_o

no

YES

nO

DO

[1o

no

DO

YES

YES

YES

DO

DO

DO

DO

130

no

no

130

YES

YES

DO

DO

DO

no

DO

no

no

YES

no

no

Do

Do

no

YES

YES

no

no

no

no

no

_o

_o

Do

no

no

oo

Do

no

no

oo

no

no

DO

DO

no

no

no

DO

no

no

no

no

no

Do

DO

DO

no

no

Do

no

no

no

Do

no

no

no

Iio

nO

no

no

no

11o

no

DO

no

no

no

DO

_tO

no

no

no

Ilo

no

no

Do

no

no

t'1o

Do

no

no

no

no

no

no

DO

DO

no

no

no

no

no

Qo

no

Do

no

pulse shcn'ttm_

>ulse shoru:md

pulse los',

pulse shm'tm'w-d

pulse loft

u pse_..tn-hLskcd,

noise shcx

noise shot

pulseshortm'md

Upset 3 (U3) is wh=c the output ra.ilcd ctt_a" HIGH or LOW Lnd • _ l_P2SieTr w_ requac,a to t_uax_ _.*txa,.u_.
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Table 4.1-2. ACT II Dose Rate Test Results.

Dose Ram

@ 15ns FWHM

Sample # [radCSi)/s] Shot #

Upset Type

Transient Lost/Shortened Rail
t I tvl 2 3 I Manual Reset _Latchup B tarno_lt Conla'_e'clt

ACT II, F6D2 6 output Actel A 1280 CMOS AStC (LDC = ES9143, Sam

1 5,80E+07

8,34 E-,-07

1.26E+08

1.26E+08

2.06E+-08

2.60E-_08

2.67E-_08

3.90E+08

Z60E+O9

55
54

3

53

5

57

58

4

6

no

no

YES
YES

YES

YES

YES

0.60

0.80

1.20

1,10

1.80

2.00

2.2O

)le Size = I')

no

no

no

no

no

DO

tlo

YES

YES

no

no

no

no

no

no

t-to

no

no

no

no

no

no

no

no

no

no

no

no

no

no

no

no

no

no

no

no

no

no

no

no

no

no

no

no

no

pulse shortened

9ulse lost

ACT II, 5DE7 3 oumut Actel Al2g0 CNIOS ASIC CLDC = ES91J3. Sagnl_le Size = l)

[ 6.09E437

8.52E+-07

1.25E+08

2.09E+-08

2.84E+O8

3.43E+08

3.91E+O8

4.00E-_-08

2.71E+-09

61

60

59

9

l0

11

8

12

7

Upset I (UI) is a o_tput voltage _'ansienl

no

no

YES

YES
YES

YES

0,80

0,80

1.00

1.80

2.40

2.80

no no

no no

no no

no no

13o no

Do no

YES

YES

130YES

of greater than or equalto 1 V.

no

no

iao

no

no

no

YES

YES

no

Upset 2 (U2) is a lost or shortened output pulse

Upset 3 (U3) is where the output railed either HIGH or LOW and a manual RESET was required to res_mae opmr.rion.

no

no

no

no

no

no

no

no

no

no

no

no

no

no

no

no

DO

no _ulse shortened

Table 4.1-3. ACT I and ACT II Dose Rate Test Results Summary.

Data surrnmarv for aLl ACT I and ACT I[ devices

Lowest Highest Lowest Highest Lowest

,Device Type Pan # UI No U2 U2 No U3 U3

ACq" [ B613 1.30E+.08 3.90E-_08

1.99E+08 2.8 IE+08 3.2.7E438 3.27E438 4.06E+08

2-41E+08 2..4 IE+.08 2-74E+08 9.29E+08 1.01E+O9

1.99E+08 2.44E*08 2.78E+O8 2.78E+08 3.82E+08

1.2.3E+-08 2.7 IE+08 3.07E+.08 3.0TE+.08 3.65E+.08

ACT II F6D2 1.26E+08 2.65E_08 3.90E+08

5DE7 1.25E+08 3.43E+08 2.71E+O9 3.43E+08 3.91E+08

Highest

Samp. le # No U I
1

2 1.2.5E+O8

3 1.23E+-08

4 1.23E+08

5 l.t0E-_
I 8.34E+_7

1 8.52E+O7

Log non'hal staus-,.ical marapula*/on of ACT I results

LN(No U 1) L..N(No U2) LN(No U3)

ACT I B613 1 1.8TE+01

2 1.86E+-01 1.95E+01 1.96E+01

3 1.86E+01 133E+-01 2.O6E+.01

4 1.86E+01 1.93E*01 1.94E+01

5 1.85E+01 1.94E+01 ! .95E+01

Mean I.B6F_.+01 1,92.E+01 1.98E+-01

Std Devl 5.90E-02 3.15E-01 5.64E-01

k(4)='0.819; k(5)=0.686 0.50/90% i 1.86E+01 1.90E+OI 1.93E+01

k£43=5.437:k(5)---a.666 0.99/90%: 1.83E+01 !.78E+01 1.67E+01

ex_0.50/90%)

exp(0.99/90%)

LI4E*08
&71_07 5.19E+07
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1.0 INTRODUCTION

This document reports results for gamma-rate response testing of a

specific configuration of ACTEL 1280 Gate Arrays in a Flash X-ray

(FXR) environment.

The parts were tested using the TRW Febetron FXR machine.

pulse width was 22 nanoseconds.

The FWHM

The primary objective was to test for burnout at the highest

available levels while noting if any latchup had occurred. A

secondary objective was to collect upset data.

2.0 TEST SAMPLES

The test samples were identified as ACTEL A1280 PGI76 E3, lot date

code 9143. Four samples were irradiated. These were identified as

SN i, SN 2, SN 3 and SN 4.

The arrays were configured with two different paths for data flow as

shown in Figure I. These paths were essentially constructed as

rings of 32-bit shift register blocks sharing a reset circuit (note

reset flip-flop). While separate clock lines were available, the

input pins were wired together for these tests. Path 1 whose

outputs have been labeled A and B had seventeen shift register

blocks. Path 2 (outputs A' and B') had eight register blocks. Note

that the 32-bit register block in the two paths were built

differently. Additional details can be obtained from the TRW

Components Engineering Department.

3.0 TEST DESCRIPTION

The test sy,_tem configuration is shown in Figure 2.

All tests were conducted at la_ _.at_ry ambient temperature with

VCC = 5.0V. Both static and dynamic exposures were obtained. When

a clock was used, the period was approximately 7 milliseconds with a

clock pulse level of 4 volts and a width of 2 milliseconds.

The VCC line was stiffened with 200 ufd of capacitance located

approximately eight inches from the DUT card and shielded with lead.

Additionally, two 4.7 ufd ceramic capacitors were connected between

the VCC pin and the DUT card ground plane.

A CT-2 AC current probe was used to obtain transient current

photographs. When the DUT peak photo currents were recorded, the

CT-2 was moved from its normal location (as shown in Figure 2) to

the DUT side of the 4.7 ufd capacitors. However, for the actual

burnout and latchup tests, the CT-2 was on the supply side of the

4.7 ufd capacitors in order to provide maximum stiffening.
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Line drivers located approximately twelve inches from the DUT and

shielded with lead were used to monitor the output responses.

The tests were connected both with and without an RF type cassette

enclosing the DUT card and line drivers.
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4.0 TEST RESULTS

4.1 Upset Testinq

Three types of "upset" were noted. These were:

a) transient output disturbance only

b) shortened output pulse (logic level transition

coincided with the radiation pulse but with no

additional data errors)

c) data errors evident after the pulse and reset

therefore required

4.1.1 Transients and Shortened Pulses

The lowest gamma dose level capable of causing an output disturbance

of approximately 1.3 volts but without the outputs transitioning was

approximately ii rads (5E8 rads/second).

With very little additional dose the outputs would transition

coincident with the radiation, resulting in a single shortened pulse

followed by the normal data stream. Figure 3 provides photographs

for SN i, Path 1 at 12 rads (5.5E8 fads/second).

4.1.2 Permanent Data Errors

All four parts were tested for this upset mode on Path i.
and SN 4 were tested for this mode on Path 2.

Only SN 3

Note that this upset mode may be expected to disappear at higher

test levels since the on-chip reset flip-flop could generate its own

reset. Thus, an apparent upset "window" could occur. This indeed

was observed as the levels were increased and the need for a reset

disappeared.

Table 1 provides key test levels that did or did not result in the

need for" a reset. There is some overlap in the levels and this

could be related to a combination of dosimetry accuracy, DUT state

sensitivity (e.g. clock high or clock low), and the presence of the

on-chip reset circuitry. Nevertheless, the data are taken to

indicate a threshold of 20-25 rads or approximately IE9 rads/second.

Table 2 provides the data for Path 2.

the same.

The threshold is apparently

Figure 4 provides oscilloscope traces taken during and immediately

after a 25 tad shot of SN 3. In this case, both paths had multiple

data errors that lasted until a reset was applied.

Figure 5 provides oscilloscope traces taken during and immediately

after a 30 rad shot of SN 3. In this case, Path 2 showed no lasting

errors, but Path 1 was completely "shut down" or was circulating all

zeroes. This result was observed several times. In all cases, the

condition was cleared when the reset was applied.
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TABLE 1 - UPSET DATA, PATH 1 PERMANENT DATA ERRORS

SN

1

2

3

4

No Reset Needed at (Rads) Reset Needed at (Rads) Notes

12, 17, 20, 22, 28

18, 25, 26

15, 18, 19, 25, 31, 32

15, 16, 21, 22, 23, 24,

25, 30, 35, 39, 40

21, 32, 43, 45

34, 35

25, 30, 33, 34, 41, 43

32, 34, 36

TABLE 2 - UPSET DATA, PATH 2 PERMANENT DATA ERRORS

SN

3

4

NO Reset Needed at (Rads) Reset Needed at (Rads) Notes

25, 4415, 19, 25, 30, 31, 33,

37, 38

15, 16, 21, 25, 30, 34,

36, 40, 42

22, 23, 25
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4.2 Latchup/Burnout Testinq

All four parts were exposed to a sequence of high level irradiations

to check for latchup or burnout.

The supply voltage was 5.0V and no current limiting resistors were
used.

All parts were tested to levels above IEII rads/second. Based upon

the transient supply current waveforms, the pre- and post-exposure

recordings of steady state current, and the photographs of the

output waveforms, no latchup was observed. No obvious burnout

damage occurred in that the parts were still functioning.

It should be noted that the high level pulses were observed to

increase the values of the supply current for all four samples. The

pre- and post-exposure values for ICC are given in Tables 3 and 4,

along with the exposure levels. After each radiation pulse for

which an increase in supply current was induced, it was noted that

the level was slowly but continuously decreasing. In fact,

approximately three weeks after SN 1 and SN 2 were exposed, their

supply currents had decreased from 17mA and 59mA to 4.5mA and 20mA.

Over the period of a weekend, SN 3 and SN 4 currents decreased from

7mA and 3mA to 3.6mA and 2.6mA. It may be that the observed

increases are due to dose accumulation as opposed to photocurrent

induced stressing.

Figure 6 provides supply current response photographs for SN 3 at

300, 1600 and 1950 fads or 1.4El0, 7.3EI0 and 8.9EI0 rads/second.

The peak current was 9A at 300 rads and 15A at 1950 rads. The

corresponding pulse widths were 150 nanoseconds and 350 nanoseconds.
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TABLE 3 - LATCHUP/BURNOUT TEST LEVELS FOR SN 1 AND SN 2

SN Test

1 1

1 2

]. 3

1 4

I 5

1 6

7

8

9

i0

ii

12

Test Level

Rads (Si)

803

2355

3355

1866

2026

2900

533

2400

3236

2170

920

1673

zcc (mA)

Pre Post

0.9 i.i

1.0 1.0

2.1 5.4

3.1 7.0

9.4 8.0

8 17

0.0 0.0

0.0 3.0

0.I 6.0

3.0 16

14 26

29 59

Notes (i)

(2)

(3)
(4)

NOTES :

1 o For tests 1-5, 7-9 and 12 the dose readings are the

average of two dosimeters located at the center of

the DUT package lid.

o For test 6, the value is the average of five

dosimeters located at the corners and center of the

package lid. The readings ranged from 2000-4000

rads.

3. The dose value is the average of two readings from

opposite corners of the package lid. Readings were
2947 and 1396.

, The dose value is the average of two readings from

opposite corners of the package lid. Readings were

1130 and 707.
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TABLE 4 - LATCHUP/BURNOUTTEST LEVELS FOR SN 3 AND SN 4

SN

3
3
3
3
3
3
3
3

4

4

4

4

4

4

4

Test

13

14

15

16

17

18

19

20

21

22

23

24

25

26

Test Level

Rads (Si)

575

1026

314

602

1617

1963

2795

1197

742

750

750

750

750

750

1382

ICC

Pre Post

0.4

0.4

0.4

0.6

1.0

1.7

3.2

3.9

0.3

0.3

0.4

0.4

0.5

0.7

1.7

3.1

0.3

0.3

0.4

0.6

0.7

1.2

1.0

(mA)

0.3

0.4

0.5

0.7

1.2

1.7

1.7

Remarks

2413/1513

2700/2890

1269/1125

27

3 28 2922 3.6 7.0 2865/2980

4 29 2818 1.2 3.0 2875/2762

4 30 1075 2.6 3.6

31 1836 3.1 4.0 1684/1988

Notes:

i. For shots 18-20, 28, 29 and 31, the level is the

average for two dosimeter readings near the center of

the device package lid. Individual readings are

given under Remarks.

2. Shots 22-26 were made in rapid succession without

moving the setup and a total dose of 3750 rads was

obtained from a single reading.
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5.0 SUMMARY

This configuration of ACTEL 1280 gate arrays will upset at 5E8

rads/second (22 nanosecond pulse). At this level, either the output

transients are sufficient to generate errors in downstream circuits,

or the array outputs themselves may change state at the radiation

pulse (but with no internal errors). At approximately IE9

fads/second, internal errors are generated and a reset is necessary.

The four samples did not suffer any hard latchup and continued to

function after levels above IEII rads/second where peak currents of

15A were generated. A small current limiting resistor should be

used to reduce this photocurrent level.

The test samples should undergo a complete set of electrical

measurements to ensure that parameters other than the operating

current were not significantly degraded.
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AEROSPACE CORPORATION SUMMARY REPORT

PRODUCT: CMOS FIELD PROGRAMMABLE GATE ARRAY

MANUFACTURING BY: MATSUSHITA

DEVICE: ACT1010/ACT 1020 (2.0 micron); ACT 1280 (1.2 micron)

EVALUATED BY: AEROSPACE CORPORATION

Ref. (1)Single Event Effects Testing Report by R.Koga

Ref. (2)Single Event Upset and Latchup Susceptibilities of Actel A1280 CMOS

Field Programmable Gate Array Report by R.Koga & S.J.Hansel

EVALUATIONS:

A1280 SINGLE EVENT UPSET (SEU) and LATCHUP SUSCEPTIBILITY

Data was taken on four devices each of which was programmed using four

sequential ring counters and four combinatorial ring counters. Each device module

was programmed as a multiple twisted ring counter using 60 D-type flip-flops.

All programming was accomplished with antifuse elements. The programming

was performed by ACTEL.

The test measurement was accomplished by by comparing the correct output signature

of an unexposed device to the device that is exposed to the ion beam. Each device

tested is exposed to a number of cycles while a sufficient number of output errors

is accumulated and recorded. During exposure the power supply current was also

monitored to detect latchup. SEU and latchup measurements were taken at room

temperature and at 100°C.

Test results show that null latchup results were measured at the effective LET's

ranging from 15 to 120 Mev/(mg/cm2). The SEU measurements were taken and

plotted as (cm2/240 flip-flops) vs LET[MeV/(mg/cm2)]; See figure 3. Examination

of the data shows that C-modules are less vulnerable than S-modues for SEU.

At 100°C the results are identical.

A1010/A1020 SINGLE EVENT UPSET (SEU) and LATCHUP SUSCEPTIBILITY

The parts evaluated for SEU were exposed to Xe(603 MeV), Kr(380 MeV),Cu(290 MeV),

and Ar (180 MeV) ion beams. They were programmed as multiple twisted ring counters

each of which was 10 bits long. The A1010 and A1020 were programmed to hold four

and five ring counters which contained 40 and 50 vulnerable bits.

The test measurement was done similarly as described for the A1280.

Test results show that null latchup results were measured at the effective LET's

ranging from 15 to 120 Mev/(mg/cm2). The SEU measurements were taken and

plotted as (cm2/40 or 50 flip-flops) vs LET[MeV/(mg/cm2)]. From the data it is seen

that the A1010 and A 1020 have similar susceptibilities. The test results at 80°C

and 100°C are nearly identical to those at room temperature. Null latchup were measured

at effective LETs ranging from 15 to 120 MeV/(mg/cm2). See figure 4 and 5.

Post SEU testing of antifuses at 100°C revealed some errors. However it is speculated

these errors were the result of using commercial devices rated and tested to 70°C.

There was also some indication of mishandling the parts after SEU testing.
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PARTSINFORMATIONPROGRAM

JPL
Jet Propuls,on Laboratory

Cahfom_a InsIdule el Technology

ELECTRONICPARTSRELIABILITYSECTION

PIP No. 305

DATE 13 April 1992

SUBJECT:
Preliminary Product Analysis (PA) of ACT-21280B (1.2 _m) CMOS Field Programmable Gate

Array (FPGA) Si°chip manufactured by Actel Corp.

SUMMARY:
Two ACT-21280B Si-chip samples (lot #UH-OI, PC #18340) were submitted to the JPL LSI

Group for destructive product analysis. This PA effort is a part of the JPL/NASA Quality

Assurance Program in support of selection and qualification of field programmable gate

array CMOS devices considered for use in flight hardware systems for the Earth Observation

System (EOS) and Cassini Missions.

The evaluation results provide initial insight into the quality of FPGA Chip

materials structures, and particularly into the quality of metal step coverage of chip

two-level (Si-Cu-doped aluminum) metal interconnections which are as follows:

i) SEM examination of laterally exposed metal-2 and metal-I interconnections show

clean metal line width patterns, and alignment of metal-2 to metal-i contacts,

and metal-2 step coverage thickness over intrametal dielectrics and metal-l,

as shown in Figures 3a through 5a.

2) SEM examination of two cross-sectioned chip segments: Figures 8a through 13d
show identified cross-sectioned structures of metal-2 and metal-I with

thickness definition and step coverage quality. Metal-2 nominal thickness is

approximately i.i #m thick compared with metal-2 thin step coverage features

in intrametal SiO 2 via sidewalls to metal-i contacts, and metal-2 thinning

step coverage over unplanarized Spin-on Oxide (SOG) and Low Temperature Oxide

(LTO) steps of intrametal dielectric above metal-i contacts. These steps vary

from 0.18 _m to 0.35 _m in thickness, as shown in Figures 8a, 9a, 9d, lid and
13c.

SOURCE OF INFORMATION:

JPL LSI Engineering Group, Section 514, S. Suszko.

FOR ADDITIONAL INFORMATION CONTACT:

4-1716 or

Stefan Suszko EXT: 4-7709

APPROVED:
Group Supervisor - LSI Engineering Group
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PIP 305 2

Metal-I nominal thickness is approximately 0.75 _m compared with thinning

features of metal-i step coverage in BPSG via cuts to poly and Si contacts,

which vary from 0.16 _m to 0.26 _m, as shown in Figures 8d, 9d, 10a, lid and

12d. FPCA cell with programmed (fused) poly through oxide/nitride/oxide (ONO)

dielectric to Si is identified in Figures 10c and lOd.

3) Figures 6a through 7d show laterally exposed MOS-transistor cells with thin

nitride film over poly gate patterns, field oxide and FPGA cells with

programmable poly (after removal of two-level metal interconnections and

interlevel dielectrics). Exposed contact patterns to poly and Si are outlined

in thin nitride, and show good alignment to poly and in active areas of

Si-cells.

CONCLUSIONS

Evaluation results of the Actel FPGA 21280B 1.2 _m Si-chip show evidence of metal-2

thinning in via step coverage to metal-I contacts, and over unplanarized steps of

intrametal dielectrics (SOC and LTO) above metal-i contacts. Metal-2 nominal thickness of

I.i _m is reduced to 0.2 #m, as shown in Figures 8d, 9a and 9d.

Metal-i thin step coverage is evidenced in BPSG aperture cuts to poly and Si

contacts, from nominal 0.75 _m metal thickness to 0.15 _m, as shown in Figures

8d, 9d, 10a, lid and 12d.

The thickness quality of metal-2 and metal-i step coverage does not meet

acceptance criteria of MIL-STD-883C. However, reliability data calculations

for current density requirements might pass this metal step coverage in

contact vias according to MIL-STD-38510, as calculated by Mike Sandor of JPL

(Ref: JPL IOM 514-F-038-92, Calculation of Current Density for Actel 2.0 #m

and 1.2 _m FPGA Technology).

The FPGA 21280B 1.2 _m Si chip is a fairly new product technology, just over a

year old, and the reliability database is still evolving and minimal on this

product line. For the electrical and environmental functionality of this FPGA

device, see the manufacturer's data sheets, attached. For additional

information, contact M. Davarpanah, JPL component specialist.

PROCEDURE

The evaluation was performed on two Si-chips in accordance with MIL-STD-883C,

Methods for Microcircuits (where applicable). One Si-chip was backscribed and cleaved

into four segments. Two chip segments were used for lateral selective exposure and

removal of chip materials levels. The other two chip segments were prepared as cross-

sectioned samples and examined for definition and identification of chip materials layers

on Si, their interface integrity and thickness dimensions (see Table I).

A second Si-chip was used for lateral exposure of materials without backscribing and

cleaving it into separate chip segments.

Optical and SEM examinations were performed prior to and after each level of chip

materials exposure, and X-ray spectroscopic analysis was used for identification of chip

materials composition.
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OPTICAL AND SEM EXAMINATIONS:

Figures la through 13d are optical and SEM photo views, which together with captions
provide representative examples of FPGA chip and chip exposed materials levels and

structures, their interface integrity, and thickness dimensions.
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Table I. Physical Dimensions of ACT-21280B Die and Die Structures

, , ,. , , . ,

Die/Die Structures

I. Die material: (Si), and size

2. Die passivation: Nitride on SiO 2

3. Die metallization: Si-and cu-doped

Aluminum two-level metal interconnect;

metal-2 top, metal-i bottom level.

4. Metal-2 thickness

5. Minimum metal-2 step coverage thickness

6. Metal-I thickness

7. Minimum metal-I step coverage thickness

8. Minimum metal-2 line width

9. Minimum metal-I line width

I0. Intrametal dielectric (SOG on LTO) thickness

ii. BPSG thickness

12. Thin nitride thickness (on field oxide)

13. Gate poly thickness

14. Field oxide thickness

15. Contact diameter to poly and Si

16. ONO thickness

Dimensions

12 x 12.7 mm

1.2 _m

= I.I _m

= 0.2 #m

= 0.75 _m

= 0.15 _m

= 2.0 _m

= 2.0 _m

= 0.65 _m

= 0.7 _m

= 800 A

= 0.35 _m

= 0.75 _m

= 1.6 _m

= 0.I _m

Note: The chip materials dimensions were derived from SEM photo figures using SEM

calibration reference line and magnification factor.
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SEM PHOTO VIEW OF PAL CHIP SEGMENT WITH NITRIDE

AND SIO 2 PASSIVATION.

BONDING
PAD

Figure 2e. 400X view of chip metal pad.

PASSIVATION
MORPHOLOGY OVER
TWO-LEVEL METAL
INTERCONNECTIONS

Figure 2f. lOOOX SEM view of chip segment
with nitride passivation

morphology over two-level
metal interconnections.
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SEM PHOTO VIEWS OF EXPOSED METAL-2 STEP COVERAGE FEATURES
AND LINE WIDTH PA'rrERNS.

Figure 5a.
3kX side view of exposed

metal-2 step coverage

features over SiO 2

and metal-I steps.

METAL-1

METAL-2

|

Figure 5b.
3kX view of exposed

metal-2 llne width

patterns and separation.

Figure 5c.
5kX view of metal-2

line widths.

METAL-2 LINE WIDTH

_=1.9 _m
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i IIAoTTM2Field Programmable
- Gate Arrays

Features

a Up to 8000 Gate Array Gates
(20,000 PLD/LCA TM equivalent gate)

• Replace up to 210 TTL Packages

• Replace up to 69 20-Pin PAL Packages

• Design Library with over 250 Macros

• Single-Module Sequential Functions

• Wide-Input Combinatorial Functions

• Up to 1232 Programmable Logic Modules

• Up to 998 Flip-Flops

• 16-Bit Counter Performance to 85 MHz

• 16-Bit Accumulator Performance to 33 MHz

• Flip-Flop Toggle Rates to 120 MHz

• Two In-Circuit Diagnostic Probe Pins Support Speed

Analysts to 50 MHz

• Two High-Speed, Low-Skew Clock Networks

• UO Drive to 10 mA

• Nonvolatile, User Programmable

Product Family Profile

Device A1280 A1240 A1225

Gap.c_/
Gate Array Equivalent Gates 8,000 4,000 2.500
PLD/LCA Equivalent Gates 20,000 10.000 6,250

TTL EQuivalent Packages 210 105 70
20-Pin PAL EquNalent Packages 69 34 23

Logic Modules 1,232 684 451
S-Moctules 624 348 231

C-Modules 608 336 220

Flip-Raps (maximum) 998 565 382

Routing Resources
Horizontal Tracks/Channel 36 36 36

Vertical Tracks/Column 15 15 15

PLICE • Antffuse Elements 750,000 400,000 250.000

User I/Os (maximum) 140 104 83

Packages _ 176 CPGA 132 CPGA 100 CPGA

160 PQFP 144 PQFP 100 POFP

84 PLCC

Pertormance 2

1E-Bit Counters 55 MHz 75 MHz 85 MHz

16-Bit Accumulators 30 MHz 33 MHz 33 MHz

CMOS Process 1 2 _m 12 um 1 2 _m

Sole:

I. See product plan on page 4 for package availability.

2. Pcrlormance ts based on a -1 speed graded device at commercial
worsl-case operating conditions.

Description

The ACT 2 family represents Actel's second generation of field

programmable gate arrays. The ACT 2 family presents a

two-module architecture, consisting of C-Modules and S-Modules.

These modules arc optimized for both combinatorial and

sequential designs (see Figure I). Based on Aetel's patented
channeled array architecture, the ACT 2 family provides

significant enhancements to gate density and performance while

maintaining upward compatibility with the ACT 1 design

environment. The devices are implemented in silicon gate, 1.2-_m,

two-level metal CMOS, and employ Actet's PLICE antifixse

technology. This revolutionary architecture offers gate array

design flexibility, high performance and fast time-to-production

through user programming. The ACT 2 family is supported by the

Action Logic TM System (ALS), which offers automatic pin

assignment, validation of electrical and design rules, automatic

placement and routing, timing analysis, user programming, and

debug and diagnostic probe capabilities. The Action Logic System

is supported on the following platforms: 386/486 PC, and Sun e,

and Apollo ® workstations. It provides CAE interfaces to the

following design environments: Valid TM, Viewlo_c ®, Mentor

Grapht_ ®, HP DCS and OrCAD TM.

tDO1

DIO Z

'3 Dll

| $1 SO

OUr

C-Module

O00

DO1

DIO

1311

$1 SO

i

OUT

S-Module

Figure 1. ACT 2 Two-Module Architecture

(_ tggl Actel Co_Dctal_on December 1991
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ACT 2 Architecture

Routing efficiency with large gate count devices is impro_ed by

increased routingresources and antifuscprogramming elements.

a., well as architectural enhancements. Horizontal routing
trac-ks,'channel arc increased to 3(, (_. 25 for ACT 1): verlical

routing tracks/column are increased to 15 (vs. 13 for ACT 1) All

specd-crmcal module-to-module connections are accomplished

_lth only t,x_ low-resistance antifuse elements. Most connections

are implemented w_th either t_ or three antifuse elements (see

Figu re 2). No connections are allowed with more than four antifuse

elements in the path. Th_s results m full), automatic placement and

routing. This device utilization is t)gically 85% to 95% of available

logic modules and 80% of total gates

uncommitted vertcal segment

/

._ I OeclieateOvert_cat
_.. L I : segment

]lLlinPut s?ment

Y

inpuJ segmentA ]

Figure 2. ACT 2 Routing Architecture

Two Module Design: C-Modules and S-Modules

The ACT 2 family has dedicated combinatorial and combinatorial-

sequential modules (see Figures 3 and 4). The combinatonal

m(xlule. C-Module, has been enhanced to implement high fan-in

combinatorial macros, such as 5-input AND, OR, NAND and

NOR gate.s. In addition, AND-OR gates, AND-XOR gates, XOR

gates and many other combinatorial functions are available.

t DO1

q DlO Z OUT

/ S_ SO

Up to B-input function

Figure 3. C-Moduio Implementation

The combinatorial-sequential module, S-Module, is optimized to

implement high-speed flip-flops within a single module. In

addition, they include combinatorial logic within the S-Module,

which allows an additional level of logic to be implemented without

any additional propagation delay. Acters ALS software

automatically combines the combinatorial and sequential logic
into the S-Module.

Hard and Soft Macros

A building block approach ts used for designing FPGAs within the

Actel environment. Over 250 schematic represemations of widely

used logic functions are stored within the ACT 2 macro library.

Each macro represents one of our basic to complex building blocks

from which you may build your design. These macros include

simple logic functions, such as AND gates, and more complex logic

functions, such as 16-bit counters and accumulators.

These macros are implemented within the ACT 2 architecture by

using one or more C-Modules and/or S-Modules. Over 150 of these

macros are implemented w_thin single modules, with an additional

25 macros implemented by connecting only two modules.

One-module and two-module macros have a small propagation

delay variance, which enables accurate performance prediction.

These macros are called hard macros, and their propagation delays

are specified within this datasheet. Combinable hard maeros can be

combined with the zequential logic within the S-Module.

More complex logic functions are also included in the macro

library. These soft macros arc implemented by using several hard

macros. The performance of soft macros depends on the

application and is optimized by "cnticality." Criticality is a melhod

of easily defining the speed critical paths in a particular application.
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ACT 2 FPGAI

D00

DO1

Dr0

011

| s_ so

Up to ;'-input function plus D-flip-flop with (:=leer.

OUT

DO1

DIO Z

7 011

/ Sl so

Up to 7-input function plus latch.

OUT

sz
Up to 4-inp_ function plus latch wdh deal'.

OUT
D01

-]D10 Z OUT

| St SO

Up to 8-input function (same I_ C-Module).

Figure 4. S-Module Implementations

Programmable I/O Pins

Each UO pin is available as an input, output, three-state, or

bidirectional buffer. Inputs are T'TL and CMOS-compatJble.
Output drive levels meet 10 mA TT'L. and 6 mA HC_[ ' standards.

Optional transparent latches at the I/O pins are provided for both
inputs and outputs. UO latches can be combined with latches in the

array to implement master-slave flip-flops.

Low-Skew Clock Network

Two low-skew clock distnbution networks are provided. Each

network can be driven by either of two dedicated UO pins or from

internal log]c. Clock skew is a function of the flip-flop distribution.
and is guaranteed to be less than two nanoseconds in duration.

100% Tested Product

ACT 2 device functionality is fully tested before shipment and

dunng device programming. Routing tracks, logic modules, and

programming, debug, and test circutts are 100% tested before

shipment. Antifusc integrity also is tested before shipment.
Programming algorithms are tested when a devic," is programmed

using Aclel's Activator*2.

Probe Pins

ACT 2 family devices have two independent diagno6tic probe pins.

which allow the user to observe any two internal signals. Signals

may be viewed on a logic analyzer using Actel's Actionprobe ®
diagnostic tools. The probe pros can be used as user-defined POs

when debugging has been completed. ,Mter the design has been

verified, the pins' probing capabilities can be terminated to protect
the design's confidentiality.
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Ordering Information

A1280 PG 176 C

l i Appllcahon

Package Lead Cour_l

Package "Type

l_ Speed Grade

Die Revision
(luture)

Part Number

Product Plan

Speed Grade Application

Std -1 * C I M B

A 1280 D_v_c_

176-pin Ceramic P|n Gnd Array (PG) a_' P" _" - P" P

160-pin Ptastic Ouad Flalpack (PO) P" P" _" P" - -

A1240 Device

132-pin Ceramic Pin Grid Array (PG) _' _' _ - _ P

144-pin Plastic Ouad Flatpack (PO) _ v" v" P" - -

A1225 Device

100-pin Ceramic Pm Grid Array (PG) P P P - P P

100-pin Plastic Ouacl F|atpaok (PO) P P P P - -
84-pro Plastic /=,=decl Chip Carrier (PL) P P P P - -

Applications: C = Commermal Availability: i_' = Avlaiable
I = Industrial P = Planr_d

M = Military - = Not Planned

B = 883B

* Speed Grade: -1 = 15% taster than Standard

Device Resources

CPGA

User lids

PQFP

Device Logic
Series Modules Gates 176-pin 132-pin 100-pin 160-pin 144-pin 100-pin

A1280 1232 8000 140 - - 124 - - -

A1240 684 4000 - 92 - - 104 - -

A1225 451 2500 - - 83 _ - - 67

4

PLCC

84-pln
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ACT 2 FPGAs

Absolute Maximum Ratings
Free air temperature range

Symbol Parameter Um|ta Units

Vcc DC Supply Voltage t 2a -0.5 to + 70 Voits

V_ Input Voltage -05 to Vcc + 05 Volts

Vo Output Voltage -0.5 to Vcc + 0.5 Volts

IlK Input Clamp CurTent ±20 mA

IOK Output Clamp Cu_t _+20 mA

IoK ContinuOus Output Current ±25 mA

TSTG Storage Temperature -65 to + 150 "C

Stresses beyond those listed above may cause permanent damage to the

device. Exposure to absolute max=mum rated conditions for extended
periods may affect de_qce reliabilily. Device should no! b¢ operated
ouLsid¢ the Recommended Operating Conditions.

No(es:

1. Yrr - Vcc, except during device programming.

2. Vsv = Vcc, except during device programming.

3. VK.S = GND, except during device programming.

Electrical Specifications

Recommended Operating Conditions

Parameter Commercial Industrial Military Units

Temperature 0 to + 70 -40 to + 85 -55 to + 125 "C
Range (Note 1)

Power Supply
Tolerance ±5 ±10 ±10 %Vcc

_ote:

1. Ambient lempcrature (TA) u.tcd for commercial and indmlrial;

temperature ('re) used for nulitary.

Commercial Industrial Mllltary
Parameter Unite

MIn. Max. MIn. Mix. MIn. Max.

(loll - -10 mA) z 24 V

Vc_ _ (loll = -6 mA) 3.84 V

(1_ - -4 mA) 3.7 3.7 V

(IoL = 10 mA) z 0.5 V
Voc 1

(lot- = 6 rnA) 0.33 0.40 0.40 V

Vie. -0.3 0.8 -0_3 0.8 -0.3 0.8 V

V,_ 20 Vcc + 03 20 Vcc + 03 2.0 Vcc + 03 V

Input Transition Time tn. t_:2 500 500 500 ns

C_o I/O Capacitance z, 3 10 10 10 pF

StanODy Current, Ice 4 10 20 25 mA

Leakage Current 6 -10 10 -10 10 -10 10

,_OteS:

1. Only one output tested at a time. Vcc = rain.

2. Not tested, for mformalmn only.

3. Includes worst-case 176 CPGA package capac=lance. You T = 0 V. [ = I MHz.

4. All oulputs unloaded. All inpuls = Vcc or (;ND.

5. V O. VI_ = Vcc or GND.

6. Only one output tcsled al a lime, Min, at Vcc = 45 V: Max. at Vcc = 5.5 V
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Package Thermal Characteristics

The device junction to case thermal characteristic ks 0jc, and the

junction to ambient air characteristic ks 0ja. The thermal

characteristics for Oja arc shown with two dLl_ercnt air flow rat_.

Maximum junctiontemperature is LS0°C.

A sample calculation of the maximum power dissipation for a

CPGA 176-pin package at military temperature is as follows:

Max. junction temp. (*C) - Max. military temp. (*C) 150"C - 125"C

Oja (*C/w) 2o*¢/w
=l.2W

01a Ola On_
Package Type Pin Count OJe Still air 300 fUmln.

CPGA 100 5 35 17 "C/W

132 5 30 15 "C/W
176 2 20 8 "C/W

PQFPI 1Q0 13 55 47 • C/W
144 15 35 26 "C/W
160 15 33 24 *C/W

PLCC 84 12 44 33 =CiW

I. Maximum Po_er Dissipation for PQFP Package = 2.0 Watts

Power Dissipation

P =[[cc + l,a,_l • Vcc + Iot..VoL-N + IoH.(Vcc'-VoH).M

Where:

Ice isthe current flowing when no inputs or outputs are changing

I,a,,,, is the current flowing due to CMOS switching

[at, Io. are TTL sink/_ource currents

VOL, Vail are TTL level output voltages

N equals the number of outputs driving TTL loads to VOL and

M equal the number of outputs driving q"TL loads to Vail

An accurate determination of N and M is problematical because

their values depend on the design and on the system UO. The

power can be divided into two components: static and active.

Static Power

Static power dissipation is typically a small component of the

overall power. From the values provided in the Electrical
Speoficauom. the mammum static po_er (commercial) dL_ipaUon iS:

10 mAx 5.25 V = 52.5 mW

The static power dissipated by TTL loads depends on the number

of outputs that drive high or low and the DC lead current flo_mng

Aga)n. this number is typically small. For instance, a 32 bit bus

dri_Tng "I-FL loads will generate 42 mW ATF with all outputs

driving low or 140 mW ,.,ath all outputs driving high. The actual

diss)pat)on ,.,all average somewhere between as [/Os switch states
w_th time.

Active Power

The actwe power component in CMOS devices ts frequency

dependent and depends on the user's logic and the external I/O

Active power dmsipatJon results from charging internal chip

capacitance such as that associated with the interconnect.

unprogrammed antifuses, module inputs, and module outputs plus

external capacitance due to PC board traces and load device inputs.

An additional component of active power dissipation is due to

totem-pole current in CMOS transistor pairs. The net effect can be

associated with an equivalent capacitance that can be combined

with frequency and voltage to represent acuve power dissipation

Equivalent Capacitance

The power dissipated by a CMOS circuit can be expressed by

Equation I.

Power (_W) = CEo • Vcc 2 • f (1)

Where:

Czo is the equivalent capacitance expressed in pF

Vcc is power supply in volts

f is the swuching frequency in MHz

Equivalent capacitance is calculated by measuring I,a,_ at a

specified frequency and voltage for each circuit component of
interest. The results for ACT 2 dewces are:

CEoLoF3

Modules 7.7

Input Buffers 18.0

Output Buffers 25,0
Clock Buffer I.amds 2.5

To calculate the actwe power that is dissipated from the complete

design, you must strive Equauon i for each component. In order to

do Ihis. you must know the sv,Mching frequency, of each pnrt .f the

logic. -['he exact equation ts a p]ece-v_se linear summation over a[I
coml_ments, as shown in Equation 2.

Power = [(m • 7.7. f0 + (n. 18.0 • f2) + (19- (25.0 + eL)- fD

+ (q • 2.5 • 01 • Vcc _" (2)

170



25 PIP 305

ACT 2 FPGAI

_lere:

n =

m ==

p =

q =

f =

ft ==

r2=

f3=

CL =

number of logicmodules swltchingat frequency f,

number of inputbuffersswitching atfrequency f2

number of output buffersswitchingat frequency f3

number of clock loadson the globalclocknetwork

frequency of globalclock

average logicmodule switchingratein MHz

average input buffer swuching rate in MHz

average output buffer swltchingrate inMHz

output load capacitance

Determining Average Switching Frequency

In order to determine the switching frequency for a design, you

must have a detailed understanding of the data input values to the

circuit. The following rules will help you to determine average

switching frequency in logic circuits. These rules are meant to

represent worst case scenarios so t hat they can be generally used for

predicting the upper limits of power dissipation. These rules are as
follows:

Module Utilization = 80% of combinatorial modules

Average Module Frequency = I=/10

i/3 of I/O arc Inputs

Average Input Frequency = F/5

2/3 of UOs are Outputs

Average Output Frequency = F/10

Clock Net 1 Loading = 40% of sequential modules

Clock Net 1 Frequency = F

Clock Net 2 Loading = 40% of sequential modules

Clock Net 2 Frequency = 1=/2

Estimated Power

The results of estimating acove power are displayed in Figure 5.

The graphs provide a simple guideline for esUmating power. The

tables may be interpolated when your apphcation has different

resource utilizauons or frequencies.

3.0

2.0

1.0

0.1

1.0

: I_il/ /
ZII_ /

/'1_

[ / /

• i !

" "' " il;li' / 1/ l
I//i I ,,,,

i I' JlJll, !!
10.0

A1240

/,
[; fill

i ii ii;I

]III
t[llll
lillil

!!!!
if

II 111t

llllll
100.0

MHz

Figure S. ACT 2 Power Estimates
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Parameter Measurement

Output Buffer Delays

To AC test loads (shown below)

_GND _ GND

PAD , J_.SV ' _ PAD' "' - ' '_"_''"x;

v=l I I I

Vc_

jGND

_NZ_ tE_z

AC Test Loads

I._ld 1

(Used tO mmasure propagation del=y)

To _e ou_ut un¢_ te_

> __L
i

50pF

To the output under test>

Load 2

(Used to measure rising/falling edges)

Vcc GND
• •

R to VCC for tpt.z/tp_.

R to GND for tPHz/tp;_._

R= lk_

_ 50pF

Input Buffer Delays

3V

_,em _Yt

Combinatorial

Macro Delays

Y

GNO

Vcc

_ 50%

tpL_ 1

50

tPHL [

\ GND

t_L'_ 50%

G_._50% Vcc
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ACT 2 FPGAS

Sequential Timing Characteristics

Flip-Flops and Latches

°
(Posil_voedget11ggerod)

D I

CLK

PRE. CLR I

I

×

I

× ×

I !

I

._Ot ¢bS:

1, D represent1 all dala functions involvm K A, B. $ for mu|tiplexcd flip-flops.
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Sequential 13ming Characteristics (continued)

Input Buffer Latches

G _-;

CLK "_CLKBUF i

"° __X

CLK

•_ t_NSU

I
--t '_ I---

tlNH

I
F'-

tHE_-r

Output Buffer Latches

tOUTSU

toutH

Io
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ACT 2 FPGAI

Timing Characteristics

Timing characteristics for ACT arrays fall into three categories:
family dependent, device dependent, and design dependent The

output buffer characteristics are, common to all ACT 2 family

members. Internal module delays arc device dependent. Internal

wiring delays between modules arc design dependent. Design

dependency means actual delays are not determined until after

placement and routingof the users design iscomplete. Delay values

may then be detenmincd by using the AL3 Timer utilityor

performing simulation with post-layoutdelays.

The macro propagation delaysshown intheTiming Characteristics

tables include the module delay plus estimates dcnvcd from

statistical analysis for wiring dclay. This statistical estimate is based

on fully utilized devices (90% module utilization).

Critical Nets anti l_jplcal Nets

Propagation delays are expressed for two types of nets: critical and

typical Critical nets are determined by net property assignmcnt

before placement and routing. Up to six percent of the nets in a

design may be designated as critical, white ninety percent of the

nets in a design are typical.

Fan-out Dependency

Propagation delays depend on the fan-out (number of loads) dnvcn

by a macro. Delay time increases when fan-out inczcascs due to the

Timing Deratlng Factor (x typical)

capacitive loading of the macro's inputs, as well as the

interconnect's resistance and capacJtanc¢.

Long Tracks

Some nets in the design use long tracks. Long tracks arc special

muting resources that span multipk_ rows or columns or modules,
and are used frequently in large fan-out (> 10) situations. Long

tracks employ three and sometimes four antifuse connections. This

increased capacitance and resistance results in longer net delays for

macros connected to long tracks. Typically up to six percent of the

nets in a fully utilized device require long tracks. Long tracks

contribute an additional 10 ns to 15 ns delay.

Timing Derating

Operating temperature, operating voltage and device processing

conditions, along with device die size and speed grade, account for

variations in array timing characteristics. These variations are

summarized into a derating factor for ACT 2 array typical timing

specifications. The derating factors shown in the table below are

ba_d on the recommended operating conditions for ACT 2

applications. The derating curves in Figure 6 show worst-to-best

case operating vottage range and bc*,t-to-worst case operating

temperature range. The temperature derating curve is based on

device junction temperature. Actual junction temperature is

determined from Ambient Temperature, Po_cr Dissipation, and

Package Thermal characteristics.

Commercial Industrial Military

Best Case Worst Case Best Case Worst Case Best Case Worst Case

0.40 1.40 037 'I50 0.35 16

NOte:

Best case reflects ma,_mum operating voltage, minimum operating
temperature, and best ease processing. Worst ease reflects minimum

operating voltage, maJumum operating temperature, and worst case

processing. Best cas_ deraling is based on sample data only and is not
guaranleed.

I I0

i
io5

loo

o 115

o$o

Voltage D_'aUng Curve

I"
i )

45 0.7,5 50 525 5

Vcc {volts)

'rim

::lJl
,,ol)I
,,oil)

o.))
o.olij ,'
o,o1!,

60 40 20

_rn_ Derstlng Curve

,)) I)))I
)))!)). -
l i

-')) II
! )I

' ) l)II
i i i ' = i ,

0 20 _0 60 _0 _00 120

Teml:)era_re (° CI

Figure 6. Deratlng Curves

t!
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A1280 Timing Characteristics
Propagation Delays (Vcc - 5.0 _ TA = 25"C: Process = Typical: Oerating Required)

Psrlmeter DescrlpUon Output Net FO = 1 FO = 2 FO = 3 FO = 4 FO = 8 Units

tpo; Single Moclule CriticaJ 4.5 5,0 5.5 60 - ns

tpot Single Module Typical 5.7 8.2 8.7 8.2 11.7 ns

tpo2 Dual Module Critical 7.5 8.0 8,5 9.0 - ns

boz Dual Module TypmaJ 8.7 9.2 9.7 1112 14,7 ns

too Sequential CIk to O Critical 4.5 5.0 5.5 6,0 - ns

tco Sequential CIk to O Typical 5.7 6.2 6.7 8.2 11,7 ns

tGO Latch G to Q Critical 4,5 5.0 5.5 6.0 - ns

tGo Latch G to Q Typ_cJ 5,7 6.2 67 8,2 t 1.7 ns

tpo Asynchronous to O CritP._.al 4.5 5.0 5.5 60 - ns

tpo Asynchronous to O Typical 5,7 6.2 6.7 8.2 11,7 ns

Sequential Timing Cheracterlstlcs (over Worst-Case Recommended Operating Conditions: No Further Derating Required)

Commercial industrial Military

Parameter DescrlptJon MIn. Max. Mln. Max. Mln. Max. Units

tsuo Flip-Flop Data Input Setup 0.4 0 5 1_0 ns

ISU,_'YN Flip-Rop Asynchronous Input Setup 1,0 1.5 2.0 ns

tsu o Latctq Data Input Setup 0.4 0.5 1.0 ns

t,_.jASYN Latch Asynchronous Input Setup 1.0 1.5 2.0 ns

trio Flip-Flop Data Input HolcI 0,0 0,0 0,0 ns

trio Latcl_ Data Input Hold 0,0 0,0 0.0 ns

tSUENA Flip-Flop Enable Setup 5.0 60 7.5 ns

tWCLF.A Flip-Flop Ctock Active Pulse Width 7.5 8.25 9.0 ns

twAsy N Flip-Flop Asynchronous Pulse Width 7,5 8.25 9 0 ns

tA Flip-Flop Clock Input Penocl 18.0 200 220 ns

tf_ Input Buffer Latch Hold 2.0 25 2,5 ns

ttNSU Input Buffer Latch Setup -25 -30 -35 ns

_OUTH Output Buffer LatCh Hold 0.0 0.0 0,0 ns

tOUTSU Output Buffer Latch Setup 0,4 0 5 1.0 ns

f,_,x Flip-Flop Clock Frequency 480 43 0 39.0 MHz

_'ote:

1 Dala applies 1o macros based on Ihe _quenlial (S-type) module. "Timing

paramelers for seq nc nlial macros construeled front Cqype mo.:lulcs can

be oblained from Ihe ALS "_mer u.lily.

2. Setup and Iloid linking parameters for the Input Buffer Latch are
defined with Lespect lo Ihe PAD and the G inpul. External selup_ho]d

hmmg parameters illLlSl accounl for delay from an external PAl) s.enal

I0 Ih¢' G inputs.

Delay from an exlernal PAD signal to the G input suhlractsladd_J 1. t!_e

internal selup (hold_ lime.

12
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31 PIP 305

ACT 2 FPGAs

A1280 Tlmlng Characteristics (continued)

i/0 Buffer Timing (Vcc - 5.0 V: T A _ 25=C_ Process - Ty1__.aJ; DeratJng Requimcl)

Parameter Descrlpdon FO -, 1 FO = 2 FO ,, 3 FO ,, 4 FO ,, 8 Units

14NYH Pa¢l to Y High 6.7 7.2 7.7 8.2 11.7 ns

ttNyL Pad to Y LOW 6,6 7,1 7.6 8.1 11.5 ns

t_NOH G to Y High 6.6 7,2 7.7 8.2 11.7 na

t_NG, G to Y LOW 6.4 59 75 8.0 11.4 ns

Global Clock Network (Vcc - 50 V_ T A = 25"C; Process = Typca_ DeratJng RequireO)

Parameter Description FO = 32 FO = 128 FO =384 Units

tcK H Input Low to High 9.1 10.1 12.3 ns

tc_ " Input High to Low 9.1 10.2 12.5 ns

tl_vH Minimt.m't Pulse W_"d'_ High 6.0 6.0 6.0 ns

t,owt. MInCnum Pulse Widtft Low 6,0 60 6.0 ns

tcv,sw Maximum Skew 0.5 1,0 2.5 n=

tSUEX T Inl_Jt Latch ExternAl Setup 0.0 0.0 0.0 ns

tHF_j(-r Input Latch External Hok:l 7.0 8.0 11.2 ns

tp Min,mum Period 15.0 180 20.0 ns

fM,,U( Maximum Frequency 66.0 55.0 50.0 MHz

Output Buffer Timing (Vcc - 5.0 V: T A = 25"C; Process = Type, el: Derat_ng Reclu_red)

Parameter Description TTL CMOS Units

tOLH Data to Pad Hzgh 4.6 67 ns

to_ Data to PaO Low 65 4.9 ns

tENZH Enal_e Pad Z 1o High 8.3 8.3 ns

tENZL Ena_e PIcl Z to Low 5.5 55 ns

tENHZ Enal_e Pad High to Z 4.5 4 5 ns

tE_cz EnaDle Pad Low to Z 6.0 6.0 ns

tGLH G tO Pad High 4.6 46 ns

to,, G to Pad Low 65 65 ns

dl"LH Delta Low to High 0.06 O. 11 ns/pF

¢l_HL Delta High to LOW 0.11 0.08 ns/pF

13
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PIP 305 32

A1280-1 Timing Charm_orlltlcs
I)_y_ (vcc - s.oV:1", - 2S'C: Proom_- "r_: Dene_g ReCluSe)

Pmlumetm' OelmHqMkm _ Net FO = I FO -, 2 FO = 3 FO ,,, 4 FO ,, $ Unltl

leO_ _ Module _ Net 3.9 4.3 4,8 5.3 - n=

teo_ Single MoOu_ Tylo_O_ Net 4.9 5.3 5.7 7.0 10.0 m

leo2 Du_ Module Cdt¢_ Net 7.5 8.0 8.5 D.0 - r_

tecxz Dine Module "rypk_ Net 7.9 8.3 8.7 10.0 _3.0 rm

tco SequerCMI elk to Q Cr'dic_ Net 3.9 4.3 4.8 5.3 - rw

too Sequer¢_ C/k to O Tyl0Cad Net 4.9 5.3 5.7 7.0 10.0 ns

/Jtct_ G to O Cribc_ Net 3.9 4.3 4.8 5.3 - nl

too latch G to Q Typ¢_ Net 4.9 5.3 5.7 7.0 10.0 r_

leo Amjnctwonocm _ 0 C,dtm_ 3.9 4.3 4.8 5.3 - rm

leo _ to Q 'TyT:kca) 4.9 5.3 5.7 7.0 10.0 ns

Sequential Timing Chsracterlsflcs lover Worst-C_se Recornnlerlded (_hl'_ Cor_ilX:wls: No FurB_r Dera1_ _)

Commerolal industrial MIIItury

Parameter OescflpUon Mln. MIx. Mln. Max. Mm. Max. Units

ts_ F_p-Fk_ Data Inl:_ Setup 0.4 0.5 1.0 r_s

tsu,,_ce_ F_-Rop/U,/nc_ 0rq_ setup 1.0 1.5 2.0 ns

tsuo Latch Dm Input Setup 0.4 0.5 1.0 ns

lSUASW_ Latc_ Amp'mhronous input Setup 1.0 1.5 2.0 rut

trio Fkp-Flop Dada Input Hok:l 0,0 0.0 0.0 ns

t_ latch Data Input Hok_ 0.0 0.0 0.0 m

le;_e,_ FL,p-Flop Ermb_ Setup 5.0 8.0 7.5 ns

twcu_ Fbp-Flop C.Jock ActMt Pulse WR_t_ 8.5 7.8 9.0 ns

tWASYN Fbp-FIop Asynchronous Pulse Width 6.5 7.8 9.0 ns

t,t F_p-Flop Ck)ok IrtC)ul Period 15.0 18.0 20.0 ns

t*NH Input Buffer Lalc_ Hoi0 2.0 2.5 2.5 ns

tw_r,u mlmut Burr Latc_ Setup -2.5 -3.0 -3.5 ns

tc_ Output Buffer _ Ho_ 0.0 0.0 0.0 n=

tou_r=u Output Bullet t._tch Setup 0.4 0.5 1.0 m

fktt,x FItlD-FIop Clock FrlKiuertcy 55.0 50.0 45.0 MHz

I Data applier to maerus ba_".d on lhe _quen tial (S-type) module. Timmil
parsrnelerl for _quenlial macros constructed from C-lyp¢ modules can
be ob=ained from the ALS Timer ulili_/.

2, Setup and hold liming parameters (or the Inpm Buffer Latch a_
defined with reJpect to the PAD end the G input. External _etup/'hold

timing paramelerl must account for delay from an exlema| PAD signal
Io the G input=.

Delay from In external PAD signal to the G input =ubtract= (adds) to the
mlenud *,'lap (hold) time.

14
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33 PIP 305

ACT 2 FPGA$

A1 280-1 Timing Characteristics (continued)

I/O Buffer Timing (Vco = 5.0 V; T A = 25°C; Process = TypicaJ; Derating Required)

Parameter Description FO = 1 FO = 2 FO = 3 FO = 4 FO = 8 Unlta

t_NYH Pad to Y High 6.1 6.5 5.9 7.4 10.5 ns

tiN_n. Pad to Y Low 5.9 6.4 6.8 7.3 10,4 ns

_NG_ G to Y High 6.1 6.5 5.9 7.4 10,5 ns

t0NOL G tO Y LOW 5,9 6.4 6.8 7.3 10,4 ns

Gloi0al Clock Network (Vet = 5.0 V: T A = 25°C; Process = Typical: Derating Required)

Parameter Description FO = 32 FO = 128 FO =384 Units

tCKH Input LOW to High 7.8 8.7 10,4 ns

t<;_. Input High tO Low 7.8 88 10.6 ns

tmN H Minimum Pulse Width High 5,1 55 6,0 ns

tpwL Minimum Pulse Width Low 5.1 5,5 6.0 ns

tCK.Sw Maximum Skew 0.5 1.0 2.5 ns

tsuF_._r Input Latch Exlernal Setup 0.0 0.0 0,0 ns

tHEX-r Input Latch External Hold 70 8.0 11.2 ns

tp Min=mum Penod 12.0 15.0 166 ns

fUAX Maximum Frequency 80.0 66.0 60.0 MHz

Output Buffer Timing (Vcc = 50 V; T A = 25°C; Process = Typical: Derating Required)

Parameter Description TTL CMOS Units

tou. _ Data to Pad High 4.6 6.7 ns

tORt. Data to Pad Low 6.5 4.9 ns

tEN_, I Enable Pad Z 1o High 8.3 8.3 ns

tENZL Enable Pad Z to Low 5.5 5.5 ns

tENHZ Enable Pad High to Z 4,5 4.5 ns

tENLZ Enable Pad Low to Z 60 6.0 ns

tGL_ G to Pad High 4.6 4.6 ns

tGH L G to Pad Low 6.5 65 ns

dTLH Delta Low to High 0.06 0 11 ns/pF

dTHL Delta High tO Low 0 11 0.08 ns/pF

lS
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JPL Beta-12 _128C FPGA

22-JUN-1992 12:12:23.82

Source file: Beta12.C:M44

Post 500 hrs

Example
Tem_: 25 Set #: 3

gatecode: 9143 Page: 1

Functional test para_s: Vcc = _.50V, Vih = 3.00V, Vil = C.OOV Tc =
ft4.5 0 to 1299

Functional test gera_s: Vcc = 4.75V, Vih = 3.00V, Vil = C.OOV 7c =

ft4.7 0 to 1299

Functional test _araCs: Vcc = 5.COY, Vih = 3.30V, Vil= C.OOV Tc =

ft5.0 0 to 1299

Functional test parers: Vcc = 5.25V, Vih = 3.COV, Vii = O.OOV Tc =

_t5.2 0 to 1299

Functionzl test _ara_s: Vcc = 5.EOV, Vih = 3.0or, Vil = C.OOV _¢ =

f_5.5 C to 1299

1000.0nS.

pass

lCO0.OnS.

pass

1000.OnS.

pass

lO00.OnS.

pass

1000.OnS.

pass
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JPL Beta-12 _1280 FPGA

22-JUN-199Z 12:12:25.47

Source file: _eta12.C:M44

Post 300 hrs

Datecode: 9143

Temp: 25 Set a: 3

Fage: 2

VOH params: Vcc = 4.50V, Vih = 3.COOV, Vil= O.OCOV,

Limits: 3.70C V minlwum, 5.500 V maxlmum.

tO _.210 _ _1 4._05 v _2

Q3 4.18_ v _0_ 4.205 V _IB

QIB _.203 V _3_ 4.19C V TOUT_

QOUTA 4._05 v TOUTB _.207 V _OUTE
MKTOUT 4.ZC5 v MKCUTB 4.205 V MMOUT

COUT _.1_6 V PO 4.193 V P1

P2 _.190 V P3 4.193 V P4

P5 4.Z03 V P6 4.200 V P?

DECO 4.188 v DEC1 4.203 V CEC2

DEC) _._00 V _EC4 4.19C V CEC5

OECo 4.203 V DEC? 4.18_ V 0EC8

DEC9 4.193 V 3EC10 4.198 V DEC11

DEC12 4.203 v DEC13 4.161 v CEC14
_EC15 4.200 v _ECIO 6.198 V CEC17

CECI_ 4.205 V DEC19 4.198 V CEC20

_EC21 4.198 v DEC22 6.19E V CECI3

DEC24 4.190 v _EC25 _.190 V _EC2_

_EC27 _.195 V CEC28 _.190 V DEC29

DEC30 4.2C5 v DEC31 4.183 V DEC32
0EC33 4.207 v _EC34 4.200 V 0EC35

OEC30 4.203 v DEC3? 4.212 V OEC3E

OEC)9 4.19) V MOOT40 4.198 V MOUT41

MOUT42 4.203 V MOUT43 _.205 V MOUT44

MOUT45 4.200 V MOUT46 4.196 V MOUT47

DEC08 4.188 V DECIB 4.193 V OEC2B
0EC)8 4.203 V DEC4E 4.203 V CECSB

DEC6B 4.183 V DEC?E 4.20C V _EC8E
DEC9B 4.190 V DSCIOE 4.207 V CEC11B

DEC12B 4.195 V DEC138 4.200 V _EC14B

_EC158 4.203 v DEC16B 4.203 V CEC17B

_EC18B 4.203 V DEC19B 4.205 V CECICB
CEC21B 4._00 V D_CZ26 4.1S1 V CEC23_

0EC246 4.190 V 0_0255 _.205 V _EC26B

DEC2?B 4.1Bb V DEC28B _.183 V CEC29B

DEC30B 4.18_ V DEC31B _.188 V _EC32B

0EC336 _.1_5 v 0EC3_ 4.205 V CEC3_B
0EC368 4._10 V D_C3?B 4.215 V OEC38B

OEC39B 4.205 V OUT40_ 4.205 V CUT41B
OUT42B 4.205 V OUT43B 4.207 V OUT44B

OUT45B 4.205 _ OUTGb_ 4.205 V OUT47B

Io = -A.OOOmA.

4. 205 V
4.210 V

4. 210 V
4. 207 V

4.198 V
4. 203 V
4. 200 V
4. 200 V
4.193 V

4. ZOO V
4.1E8 V

4.7.12 V
4.210 V
4.198 V

4,193 V

4,195 V

4.195 V

4.198 V

4.203 V
4.195 V
4. 205 v

4.212 v

4.198 V

4. 203 V

4.198 V

4.181 V

4,203 V

4,210 V

4.205 V

4. 200 V

4. 203 v
4. 207 v

4.210 V

4.195 V

4.205 V

4.207 V
4.2C5 V

4. 205 V

4. 200 V

4. 207 V

VOH params: Vcc = 4.75V, Vih = 3.000V, Vii = O.O00V, Io =

Limits: 3.70_ V minimum, 5.500 V maximum.

GO 4.469 V _I 4.464 V _2

_3 4.447 _ QO_ 4,467 V ClB

G2B 4._67 V _3B 6.450 V TOUTA

QOUTA 4.467 V TOUT8 4.469 V _OUTE

MKTOUT 4.469 ¥ MKOUTB 4.664 V MMOUT
COUT 4.459 V PO 4.455 V P1

P2 4.452 V P3 4.455 V P4

P5 4.467 V P6 4.462 V P7
_ECO 4.450 V DEC1 4.464 V 0EC2

-4.000mA.

4.467 V
4.672 V

4. 469 V
4.467 V

4.659 V

4. 464 V
4.462 V

4.462 V

4.455 V
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GEC3
_EEb
DEC9
DEC12
DEC15
_EC18
CEC21
EEC24
DECZ7
_EC30
_EC33
DEC3_
DEC39
MOUT42
MOUT45
DECO_
OEC3B
DECOB
2ECgB
OEC12_
DEC15B
DEC16B
DEC21B
DEC24d
DEC27B
0EC306
CEC33B
DEC36B
DEC39B
CUT42B
OUT45B

4.462 V DEC4 4,450
4._6A V DEC7 4._50

4.452 _ CECIO 4.459

4.467 V _EC13 _,42C

4.462 V DECI_ 4.46Z

4._ V DEC19 4.459

_._59 _ DEC22 4.459

4._50 v DEC25 4._52

4.457 V CEC2_ 4._5C

_._o9 v DEC31 &,4_2

G._b9 V D£C34 G._2

4._o_ v DEC37 4.472

w,455 v MOUT4O 4.459

4,4_& V MOUT43 4.4_

_._62 _ MOUT46 4.qt2
4.G5C _ 3ECIE 4._52

G._4 V BEC4E 4.464

_.4_5 v GEC7E 4,462

4.450 V _ECIG_ _._67

4.457 v DECI3E 4.462

4.464 V DECI_B _.46_

4.404 v DECIO_ _.&b7
4.462 v DEC22E 4.445

G,450 V _EC25_ _.467

4.447 V _ECZ_ 4.4_5

_._50 V DEC31_ 4.4_7

4._09 V DEC37B _._77

4,467 V OUTLOB 4.4o7

4._b7 _ OU_43E 4._b9

4.467 V OUT4_E 4.469

V _EC5
V CEC8
V CEC11
V 0EC14
V _EC17

V EEC2G
V CEC23

V CEC26
v 0EC29

V _EC32

V ;EC35

v _EC3_
v MOUT41

V MOUT44

V MOUT47
V EEC2e

v _ECSB

V CEC8e
V CEC11B

V CEC14B

V CEC17B

V _EC20B

V _EC23_

V EEC26B

V _EC29_

v CEC32B

V CEC35B
V =SC3EB

V OUT&IB

V CUT&4B
V CUT67B

4. 462 V

4,452 V

4,472 V

4. 469 V

4.459 V

6.457 V
4.455 V

4.459 V

4.457 V

4. 464 V

4.655 V

4.467 V

4.472 V

4,459 V

4,464 V

4.459 V

4. 442 V

&. &64 V

4.4?2 V

4.464 V

4,462 V

4,464 V

4,467 V

4,469 V

4.455 V
6,467 V

4. 667 V
4.467 V
4. 464 V

/,.459 V
6.669 V

VOH

L_m_ts:

CO

C3

Q2_

_OUTA

M_TOUT
COUT

P2
P5

_ECO

_EC3

CEC_

CEC9

3EC12

CEC15

_ECIB

0EC21
C_CZ_

_EC27
_EC3O

_EC33
_EC36

DEC39

MOUTh2

MGUT45

DECOB

params: VCc = E.CCV, Vzh = 3,000V, Vil=

3.70C V m_ni_um, 5,500 V mexzmum.

G.731 V wl 4.72_

4.704 V C_6 _.72o

4,726 V L3E 4.709

4.72_ V TOUT3 4.726

4.72_ v MKCUT_ 4.72c
_.71_ V PC _.714

_.714 V P3 -.714
_.72o V F_ _.721

_.711 V DEC1 _.72_

w.721 V DEC4 _.709

4.72k V DEC7 4.709

4.711 V OECIO 4,721

4.726 V DEC13 4.677

w.721 V DEC16 &.721

4.720 _ DEC19 _.719

4,719 W DEC2Z 4,721

4.7G9 V DEC25 4.709

_.716 V _EC2_ 4.711

_.72B _ DEC31 4.70w

4.72_ _ DEC3_ 4,721
4.724 _ _EC}7 4.731

_.716 V MOUT40 4.721

4.72_ V MOUT43 4.724

_.724 V MOUT46 4.721

4.709 _ DECIB 4,711

O.O00V, Io =

V C2

V _IB

V TOUT_

V COUTB

V PMOUT

V Pl

V P4

v P7

v CEC2

V CEC5

V DEC8

v DEC11

V CEC14
V 0_C17

v _C20

V DEC23

V CEC26

V 0EC29
v _EC32

V CEC35
V CEC38

V MOUT61
V MOUT44

V MOUT47
V CEC2B

-4 .COOmA.

4.72b V
4. 731 V

4.731 V
4.726 v

4.721 v
6.724 v
4.724 v
4.721 v

4.714 v
4.721 V
4.711 v

4.733 V

4.731 V

4.721 V
4.716 V

4.716 V
4.719 V

4.719 V
4.726 V

6,719 V
6.726 V

6. 736 V
6.719 V

4.726 V
4.7'19 V
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DEC38

0EC98

DEC12@

DEC15B

CEC18B

_EC21B

DEC24B

£EC27B

DEC3CB
DEC33B

CEC36B

DEC39B

OUT42B

OUT45B

_.726 V
4.70& V

4.711 V

4.710 V
4.72_ V
4.724 V
4.724 V

_.709 V

4.706 V

_.709 v

4.709 v

_.726 y

4.720

4.72C V
4.720 v

DEC4B

OECTB

DECIOB

DEC138

DECIEB

DEC198

DEC22B

OEC25E

DEC2_a

OEC31B

DEC34_

DEC37B

OUT406

0UT435

0UT466

4.72E V _EC5B

4.724 V _EC8B

4.72_ V CEC11B

4.724 V DEC14B

4.72_ V DEC17B
4.726 V £EC2CB

4.704 V EEC23B

4.72_ V DEC26_

_.704 v CEC29_

4.706 V CEC32S

6.72_ V CEC35B

4.73_ V GEC38B

4.72¢ v CUT41B

4.728 V CUT44_

_.72¢ V OUT47B

4.702

4.721

4.731

4.726
4.721

4.726

4.728

4.731

4.714

4.728

4.726

4.728

4.726
4.721

4.731

V

V

v

V
V

V

v

V

V

V

V

V

V

V

V

VOH
Limsts:
QO

Q3

Q2B

_OUTA

MKTOUT

COUT

P2

P5

OECO

D_C3

DEC6
DEC9
0EC12

OEC15

_EC18

DEC21

DEC24
CEC27

C_C3G
_C33

CEC36

GEE39

MOUT42

MOUT45

8ECOB

C_C3B
DEC66

DEC9B

DEC12B

DEC15_
OECI_B

_EC216

DEC246

BEC27B

OEC3C_
DEC33B

_EC368

DEC39B

OUT_ZB
0UT458

peram$: Vcc = 5.25V, V
3.700 V m_nzmum,

_.98G V

4.961

4. 985 V

4,9_5 V

4.988 V

4.97_ W
4,971 V
_.9B5 V

4.96e v

_.980 v
W.983
w.971 v

_,985
4.9_5 V

4.985

_.96& v

4._73 v

_.98_ V
_._bo

4._ V
_._73 V
4.983 V

G.900 V

4._85 v

_._3 V

_.966 V

w.973 V
4.983 v

4.963

4.98G

_.960 v

4.963 v

4.96o V

_.9o_ V

_.98_ V

_.955 V

_.985
4.985 V

_h = 3.COOV, Vil = O.COOV, Io = -4.COOma.
5.500 v

Q1

QOB

Q3_

TOUTE

MKCUT5

PO
P3

P6

DEC1

DEC4

DEC7
D_CIO

DEC13

DECI_

DECI_

DEC22

DEC25

DEC2b

DEC31
DEC34

DEC37

MOUT_C

MOUT43

MObT_

_ECIE

DEC4_
_EC7_

D_C108
DEC135

OEC16B
DEC19e

DEC_2B

OEC25_

DEC2_B

OEC31B
DEC34B

DEC37_

OUT60B

OUT_3B

OUT46B

_.9B5 V C2

A.985 v CIB

4.96_ V TOUTA

_,9S5 V _OUTB

6.985 v MMOUT

_.97_ V Pl
_.976 V P4

4.9_0 V P7

6.9B3 V CEC2

4.96C V EEC5
4.966 V OEC8
4.978 V CEC11
_.934 V 0£C14
4.98C V _EC17

4.97_ V _EC20

4.980 V _EC23

_.90_ V _EC26
_.966 V CEC29

_.961 V _EC32
&.960 V CEC35

4.990 V _EC3@
_.98C V MOUTG1

4.Q_5 V MOUT44

4.9_0 V MOUT_7

_.971 V _EC2_

_.985 V _ECSB
4.9_0 V CEC8B

_.98_ V CEC11B

_.980 V OEC14B

_.933 v DECI?8
4.985 V CEC20B

_.963 v CEC23B

4.985 V DEC26B

_.961 v CEC29B

4.966 V CEC32B
4.985 V CEC3SB

4.993 V _EC3_B

4.988 V OUT61B

6.q_8 V OUT44B
4.985 V OUT67B

4.985 V
4.990 V
4.990 V
_.985 V

4.978 V
4.980 V
4.980 V
_.980 V

4. 973 V

4.980 V

4,968 V
4.990 V
4.988 V

4.980 V

4.9?6 V
4.9?6 V

4.976 V
4.976 V

4.983 V
4.976 V

4.988 V
4.993 v
4.980 V

4.983 V

6.978 V

4.961 V
4.983 V

4.990 V
4.985 V

4.980 V
_.985 V
4.988 V

4.988 V

4.971 V

4.985 V
_.985 V

4.988 V

6.985 V
4.980 V
4.988 V
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VOH params: Vcc = 5.5CV,
Limits: }.70C V minimum,
QO 5. 247 V

Q3 5.218 V

Q2B 5. 242 V

GOUTA 5,245 V

MKTOUT 5.2_5 V

COUT 5.237

P2 5.230 V

P5 5.242 V

DECO 5.223 V

DEC3 5,235 V

. DEC6 5.242 v

DEC9 5.227 V

DEC12 5.245 V
2EC15 5.Z_O V

DEC18 5.242 v

_EC21 5.Z37 v

_EC24 5,225 v
CEC27 5.232 v

DEC30 5,245 v
_EC33 5,245 V
DEC36 5,242 v

DEC39 5,232 v

MOUT42 5,242 V

MOUT45 5,240 v

DECOB 5.223 V

DEC38 5.242 V

DEC6fl 5.21_ V

GEC9B 5,225 v
- DEC126 5.232 V

DEC15B 5.242 V
CEC18B 5.240 V
GEC218 5.240 V

_EC24B 5,223 V

_EC27B 5,223 V
_EC3CB 5.223 v

DEC338 5.225 V

_EC3oB 5,245 V

8EC398 5.2_5 v

OUT42B 5._45 ¥
OUT45B 5.2_2 V

Vih = 3.O00V, Vil =

5.500 V meximum.

Ol 5.242

Q06 5,245

Q3E 5.223
TOUTa 5.247

MKCUT6 5.245

PO 5.232

P3 5.232
P6 5.23?

DECI 5,240

DEC4 5,223

DEC7 5.223

DECIO 5.237

DEC13 5.1_8

DEC15 5.237

DEC19 5.237

DEC22 5.235

DEC£5 5,225

DEC2_ 5.225

DEC31 5.22C

DEC34 5.24C
3EC37 5,25C

MOUT40 5.237

MOUT43 5.24C

MOUTh6 5,240

DEC11 5.227

_EC4E 5,245

DEC76 5.24_

DECIGb 5.2G7

DEC13B 5,240

DEC16B 5.242

DEC19_ 5.245

DEC22B 5.223

0EC25_ 5.245

_SC28_ 5.21_

DEC31B 5.22C

DEC34B 5.2_2

D_C37_ 5.252
OUT40E 5,245

OUT43_ 5.247
OU_4b_ 5.245

O.O00V, Io = -4.COOmA.

V _2 5.2_2 V

V ¢1B 5.247 V

V TOUT= 5.247 V
V _OUTB 5.247 V

V MMOUT 5.23? V
V Pl 5. 240 V

V P4 5.240 V

V P7 5. 240 V

V £EC2 5.230 v
V CEC5 5.240 V

V CEC8 5.227 v

V CEC11 5.250 V

V CEC14 5.247 V

V CECI? 5.237 V

V CEC20 5,235 V

V CEC23 5.2_5 v

V 0EC26 5.232 v

V CEC29 5.232 V

v CEC32 5.240 v
v EEC35 5.232 v
V CEC38 5,245 V
V POUT41 5.250 V

V MOUT44 5.237 V

v _OUT47 5.240 v
V CEC2B 5.232 v
V C_C5e 5.215 v

V CEC8e 5.240 v

V CEC11_ 5.250 V

V EEC14B 5.245 v
V CEC17B 5.240 v
V CEC2CS 5.242 V

V CEC23B 5.245 V

V CEC2eB 5.247 V

V )EC29B 5,230 v

V CEC32B 5,245 V

V _EC35B 5.242 v

V _EC38B 5.242 V
V OUT41B 5.242 V

V CUT46B 5.237 v
V CUT47B 5.245 v
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JPL Beta-12 A125C FPGA

22-JUN-1992 12:12:46.67

Source f_Ze: _etz12,C:H44

Post 500 hrs

VOL params: Vc¢ = 4.50V,
Limits: G.OGC W minimum,

QO 137.0mv

_3 137.OmV

C2B 137.0mV

QOUTA 141.9mV

MKTOUT 139.4mv

COUT 139._mV

P2 134.5mV

P5 137.umV

OECO 137.GmV
CEC3 134,5mV

GEC6 137.OmV

DEC9 134.5mV
CEC12 137.Omv

DEC15 139.4mV

DEC1B l_7.OmV
_DEC21 134.5mV

DEC24 13Z.1m_

CEC27 134.5mV

DEC30 141.9mV

0EC33 13_._mV

GEC36 139._mV

0EC39 141._mV

MOUTG2 13_.&mV

MOUT45 134.5mV

_ECOB 134.5mV

DEC3B 13_.4mV

_ECbB 134.5mV

_EC9B 137.0mV

CECI2B 139._mV

_EC15E 137.0mV

0EC18_ 137.0mV

EEC21£ l_.SmV

_EC24a 134.5mV
EECZT_ 134._mV

GEC3C_ 13_.5_V
GEC3_5 137.0mV

C_C36_ 13_._mv
GEC3_ 13_.5mV

0UT423 I_4.3mV
OUT45a l_7.OmV

Temp:

C_tecode: 9143 P_ge:

Vih = 3.000V, Vii = C.O00V, Io =
400.O_V m_ximum.

_1 13_.5mV ¢2

_OE 137.CMV C18

_3E 139.4mV TOUT=
TOUTE 139.4mV _OUT_

MKOUTE 13;._V MMOUT
P_ 134.5mV Pl

P3 1G_.2mV P4

P6 137.0mV P7

DEC1 13_._mV _EC2

DEC4 139.4mV DEC5

&EC7 13_._mV CEC8
DEC10 134.5mV _EC11
DECI_ 15_._mV _EC14

DECI_ 134.5mV _EC17

DEC19 13_.5mV DEC20

_ECZ2 1 34. _V _EC23

DECk5 137.CMV _EC26

DEC2_ 13_.5mV CEC29

DEC31 134.5_V EEC32

DEC34 134.5mV _EC35

DEC37 139.4mV CEC38

MOET40 137._mV MOUT41

MOUT43 141.9mV POUT44

MO_T_6 137.CMV MOUT47

DECIE 134.5mV DEC2B

D_C4_ 139.4mV 0EC58
_EC7c 137.0mV CEC8B

DECICB 137.CMV DEC11B
_EC13B 13;._mV CEC14B

GECI_ 139.4_V DEC17B

DEC19_ 137.GmV _EC2GB

DEC2Z_ 154.1mV CEC23_

DEC25_ 177.CmV CEC26B
E,_CZO_ 137.CmV _EC2§B

0£C31_ I£4.EmV CEC32B
05C34_ 137.0_V CEC35_

_EC376 1_1._V CEC38B
CUT4O_ 137.0_V CUT&15

OUT43_ 137.CmV CUT44B

OUT4O_ 13_.4mV CUT4?_

25 Ser

3

6.COOm_.

#: 3

134.5mV

139.4mV

141.9mV

139.4mV

139.4mV

137.0mV

134.5mV

134.5mV

137.0mV
141.9mV

159.0mV

137.0mV
141°9mV

134.5m¥

137.0mV

137.0mV

134.5mV
132.1mV
1 37. OmV

139.4mV

137.0mV

139.4mV

137.0mV

161.9mV

134.5mv
134.5mV

137.0mV

139.4mV
1 39. _mV

134,5mV
137.0mV
139.4mV

137.0mV
134.5mV

1 37 •OmV

141 .gmV

141 .gmV

I_4.5mV

139.4mV
137.0mV

VCL params: Vcc = 4.75V,

Limits: C.OOC V minimum,

_0 132.1mV

03 134.5m_
Q25 132.1mV

¢OUTA 137.0mV
MKTOUT 134.5mV

COUT 137.0mv
P2 1Z2.1mV

P5 132.1mV
-CECO 1_2.1mV

Vlh = 3.0COY, vzl = C.OCOV, Io =

_CO.O_V maximum.

_1 132.1mV C2

_OB 13_.5mV C18
O3_ 137.0mV TOUT_

TOUT5 134.5mV _OUTE
MKO_T6 134._mV VMOUT

PO 129._mV Pl
P3 144.3mV P&

P6 134.5mV P7

DEC1 137.GmV CEC2

6.COOmA.

132.1mV

134.5mV
134.5mV

134.5mV
134.5mV

132.1mV

129.6mV
129.6mV

132.1mV
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CEC3 132.1mV D5C6 134.5mV CEC5

CEC6 13_.1mV OEC7 134.5mV _EC8

_C9 129.6mV DECIO 129.6mV CECIl

0EC12 132.1mV DEC13 156.1mV CEC14
CEC15 139.4mV 2EC10 132.1mV £EC17

EEC18 134.5mV DEC19 129.cmV D5C2_

CEC21 129.6mV DEC22 129.6mV CEC23

CEC24 127.2mV DEC25 132.1mV CEC26

_EC27 132.1m_ BEC_8 132.1mV CEC2_

_EC3C 139.4mV D5C31 129.6mV CEC32

DEC33 13_.5mV DEC34 132.1mV CEC35

C5C3_ 134.5mV _5C37 136.5mV EEC3_

_C39 134.5mV MOUT40 132.1mV MOUT61

POUT42 134.5mV POUT43 137.CMV POUT44

MOUT65 12_.6mV MOUT46 134.5mV POUT67

CECOB 129.emV DECIE 13Z.1mV CEC2E

D_C38 134.5mV DEC46 136.5_V CEC5e

DEC66 129.6mV DEC75 132.1mV _ECSB

D_C96 132.1mV 0_CI05 132.1mV CEC11B

0EC126 136.5mV 3EC135 134.5mV DEC145

DEC155 134.5mV DEC16_ 136.5mV CEC17B

0EC185 129.bmV DEC19S 132.1mV CEC2C6

GEC21B 129.6mV DEC22B 149.2mV CEC23B

DEC245 129.emV DEC255 132.1mV DEC26B

_EC27B 12_.6mV DEC28E 132.1mV _EC29B

DEC3CB 129.6mV DEC31B 129.6_V DEC32B
DEC33_ 134.5mv 0EC345 132.1mV DEC35B

DEC36B 134.5mV DEC37B 139.4mV _EC38B

DEC396 132.1mV OUT40B 132.1mV OUT41B

OUT42B 139._mV OUT43_ 134.5mV CUT445

OUT45B 134.5mW OUT6bB 134.5mV CUT47B

137.0mV

154.1mV

129.6mV

137.0mV

132.1mV

132.1mV

132.1mV

132.1mV

127.2mV

134.5mV

137.0mV

132.1mV

134.5mV
132.1mV

137.0mV

132.1mV

129.6mV

134,5mV

132.1mV

136.5mV

132.1mV

132.1mV

137.0mV

132.1mV

129.6mV

132.1mV
137.0mV

137.0mV

132.1mV

136.5mV
132.1mV

VOL params: Vcc = 5.CCv,

Limits: O.OOC V minimum,
QO 129.6mV

Q3 129.om_

C2_ 129.6mV

_OUTA 132.1mV

MKTOUT 13_.1mV
COUT 13_.Im_

F2 127.2mV

P5 127.2mV

CECO 127.2mV

_EC3 127.2mV

_ECo 127.2mV

DEC9 124.8mV

GEC12 127.2mV

CEC15 134.5mV

DEC18 129.6mV

-DEC21 127.2mV
DEC24 126.BmV

CEC27 127.2mV

DEC30 134.5mV

_EC33 132.1mV

_C36 132.1mV

D_C39 132.1mV

MOUT62 129._mV

MOUT65 127.2mV

DECOB 124.8mV

Vih = 3.OOOV, Vil = C.OCOV, Io =

40O.OmV m_ximum.
L1 127.2_V C2

_OE 129.6mV _lB
_3B 134.5_V TOUT_

TOUT5 129.6mV _OUT_

MKOUTB 132.1mV PMOUT

PO 127.2mV Pl

P3 141.9mV P4

P6 129.emV P7

DEC1 132.1mV DEC2

DEC6 129._mV CEC5

DEC7 132.1mV _EC8

OECIO 124.8mV OEC11

DEC13 169.2mV DEC16
DEC16 127.2mV DEC17

DEC19 126.8mV _EC20

DEC22 127.2mV _EC23

DEC25 129.6mV _EC26

DEC28 127._mV _EC29

DEC31 127.2mV CEC32

0EC34 127.2mV _EC35

0EC37 129.6mV CEC38

MOUTSO 127.2mV POUT41

MOUT63 132.1mV POUT64

MOUT46 129.6mV POUT47

DECIB 127.2mV _EC2B

6.000mA.

127.2mV

132.1mV

132.1mV

132.1mV

132.1mV
129.6mV

126.8mV

126.8mV

129.6mV

132.1mV

151.7mV

127.2mV

132.1mV

127.2mV

127.2mV

127.2mV
127.2mV

124.8mV

129.6mV

132.1mV

127.2mV

129.6mV

127.2mV

132.1mV

124.8m¥
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OEC3B 132.1mV DEC48 129.6mV DEC58

OECb8 124.8mV 0EC78 129.6mV EEC8B

DEC9B 129.6mV DECIOB 129.6mV OEC11B

OECI2B 129.6mV DEC13B 129.6mV DEC148

OEC15B 129.6mV DEC16B 129.6mV CEC17B

OEC18a 127.ZmV 0EC198 127.2mV DEC20B

DEC21B 124.8m_ DEC226 14_.EmV CEC23B

DEC24B 127.2mV DEC256 129._mV DEC26B

GEC2?B 127.2mV BEC28B 127.2mV 0EC296

DEC308 124.bmV DEC318 124.8mV _EC32_

DEC33a 129.6mV DEC34S 127.2mV OEC35B

0EC366 13Z.1mV DEC378 134.5mV CEC38B

_EC398 127.2mV OUT60B 129.6mV OUT41B

0UT428 134.5mV OUT43B 129.0mV GUT448

0UT458 129.6m_ 0UT468 129.cmV 0UT478

1 27.2mY

129.6mV

129.6mV

1 29.6mV

1 27.2mV

1 29.6mV

132.1mV

1 29.6mV

1 27.2mV

129.6mV

1 34.5mV

134.5mV

1 27.2mV

129.6mV

127.2mV

VOL params: Vcc = 5.25V, Vih = 3.000V, Vii = O.000V, Io =

Limits: 0.000 V minimum, 400.OmV maximum.

_0 124.5mV 21 124.8mV _2
Q) 127.2mW QOB 124.Em¥ QIB

Q2B 124.8mV Q3E 129.6mV TOUTA

QOUTA 1Zg.6m_ TOUT6 127.2mV gOUT_

MKTOUT 127o2m_ MKOUTB 127.2mV MMOUT
COUT IZT.2mV PO 124.8mV Pl

P2 124.8mV P3 137.CMV P4

P5 124.8mV P6 12_._mV P7

QECO 124.8mV OECI 129.6mV CEC2

DEC3 124.8mV 0EC4 124.8mV CEC5

DEC6 124._mV DEC7 127.2mV CEC8

DEC9 122.3mV DECIO 119.9mV CEC11

DEC12 124.8m¥ DEC13 1_4.3mV _EC14

DEC15 132.1mV DEC16 124.8mV CECI?

0EC18 124.8mV DEC19 122.3mV DEC2C

DEC21 124._m_ DEC22 124.8mV CEC23

DEC24 119.9mV DEC25 124._mV CEC26

DEC27 124.$mV DEC28 122.3mV CEC29

DEC30 129.bmV DEC31 122.3mV 0EC32
DEC33 12g.6mV DEC34 122.3mV CEC35

DEC36 127.EmV DEC3? 127.2mV CEC3E

GEC39 129.om¥ MOUT40 124.EmV MOUT41

MOUT42 127.2mV MOUT43 129._mV MOUT&4

MOUT45 122o3mV MOUT46 124._mV MOUT47

OEC06 122.3mV 0EC18 124._mV OEC2B

DEC36 127.2mV DEC46 127.2mV DECSB
DEC6_ 122.3mV DEC78 124.8mV 0EC88

OEC9B 124.0mV OECIOB 124.EmV OEC11B

DEC128 127.2mV DEC138 124.8mV DECI4B
0EC158 124.&mV OEC16B 127.2mV CEC17B

DEC18B 124.8mV DEC19E 12_.EmV DEC20B
DEC21B 124.8mV DEC22B 141.9mV OEC23B

CEC24B 122.3mV DEC256 124.3mV CEC26B

DEC27B 124.8m¥ DEC288 124._mV _EC29B

OEC_GB 122.3mV DEC_18 122._mV OEC32B

DEC33B 127.2mV DEC3_B 12_._mV CEC35B

DEC36B 129.6mV OEC37B 129.6mV DEC38B

DEC398 126.8mV OUT408 127.2mV OUT61B
OUT42B 132.1mV OUT43B 127.2mV OUT44B

OUT45B 124.8mV OUTG6B 127.2mV OUT&7B

6.COOmA.

1 24.8mY

1 27.2mV

127.2mV

1Z9.6mV

127.2mV

124.8mV

1 22.3mY

124.8mV

127.2mV
129.6mV

146.8mV
12Z.SmV
129.6mV

122.3mV

124.8mv

124.8mV

lZk. SmV

122.3mV

124.8mV
129.6mV

124.8mV

127.2mV

124.BmV

129.6mV

122.3mV

122._mV

127.2mV

127.2mV

127.2mV

124.8mV

124.8mV

129.6mV

127.2mV

122.3mV

12&.BmV
129.6mV

129.6mV

124.8mV
124.8nV

124.8mV
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VOL params: Vcc = 5.50V,

Limits: 0.000 V minimum,

QO 122.3mV

E3 122.3mV

_2B 11_._mV

COUTA 127.2mV

MKTOUT 124.8mV

COUT 124.8mV

P2 11_.9mV

P5 122.3m9

CECO 12_.3mV

DEC3 119._mV

_EC6 122.3m_

DEC9 119.9mV
0EC12 122.3mV

DEC15 127.2mV

_ECI_ 122.3mV

CEC21 119.9mV

DEC24 117.4mV

DEC27 122.3mV

DEC30 127.2mV

-DEC33 124.8mV

_EC3o 124._mV

C_C39 124._mV

MOUT42 124.bmV

MOUT45 122.3mV

DECO5 119.9mV

DEC3B 12_.8mV

DECb8 119.9m_

_EC9B 124._mV

DECI2B 122.3mV

DEC158 122.3mV

_EC18a 119.9mV

DEC21E 119.9mV

DEC24_ 11_.9mV
_EE27B 119.9mV

DEC30B 11_._mV

DEC33B 124.8mV

0EC368 124._mV

DEC396 119.9mV

OUT42B 129.bmV

OUT45B 122.3m_

Vih = 3.000V, Vii = O.O00V, Io =
4CO.O_V maximum.

_I 119.9mV C2

_OE 124.8mV QIB

_3E 124._mV TOUTA

TOUTB 124._mV _OUTB
MKO_TB 124._mV MMOUT
PO 119.9mV P1

P3 134.5mV P&

PO 122.3mV P7

DEC1 127.2mV CEC2

_C4 124.8mV CEC5
D_C7 124.EmV DEC8

DECIO 119.9mV CEC11
DEC13 144.3mV DEC14

DECIC 119.9mV DEC17

0EC19 117.4mV DEC20

DEC22 119.;mV DEC23

DEC25 122.3mV _EC20

DEC2_ 119.9mV DEC2Q

DEC31 11 9. _mV DEC32

DEC34 119.9mV DEC35

DEC37 124._mV _EC38

MOUT40 122.3mV MOUT41

MOUT43 124.8mV MOUT46

MOUT4b 124._mV MOUT67

DECIB 122.3mV DEC2e
OEC4_ 122.3mV _ECSB

DECTE 122.3mV DEC8B
DECIGB 122.3mV DEC11B

DEC13B 124.8mV _EC14B

DEClbB 124._mV DEC17B

DEC196 119.9mV EEC20B

DEC22B 13q.4mV _EC23B

DEC25B 122.3mV EEC26B

DEC28B 122.3mV CEC29B

DEC316 119.9mV CEC32B

_EC34E 122.3mV EEC35B

DEC3?_ 127.2mV CEC3EB

OUT405 124._mV CUT41B
OUT43_ 124._mV CUT_4B

OUT4b5 122.3mV CUT47B

6.COOmA.

122.3mV

124.8mV
1 24.8mY

1 24.8BV
124.8mV
1 24.8mY

119.9mV
119.9mV

122.3mV
1 27.2mY
144.3mV

119.9mV
127.2mV

119.9mV

119.9mV

122.3mV

122.3mV

119.9mV
122.3mv

124.8mV

1 22.3mV

124.8eV

122.3mV

1 24.8mV

122.3mV
119.9mV

12&.8mV

122.3mV

1 22.3mV

119.9mV

119.9mV

1 24.8mY

1 22.3mV

119.9mV

1 22.3mY
127.2m¥

127.2mV

119.9mV

122.3m¥

1 22.3mV

isb params: Vcc = 4.5CV,
isb

isb params: Vcc = 4.75V,
isb

isb params: Vcc = 5.CCV,
isb

• sb params: Vcc = 5.25¥,

tsb

_sb params: Vcc = 5.5CV,

_sb

Ins=4.5CV, Outs = OPEN.

C.OCO 146.7u 25.00m 13

!ns=4.75V, Outs = OPEN.

0.000 160.0u 25.00m 13

Ins=5.0CV, Outs = OPEN.

0.000 19C.0u 25.00m 13

Ins=5.25V, Outs = OPEN.

G.O00 230.0u 25.00m 13

Ins=5.SCV, Outs = OPEN.

0.000 240.0u 25.00m 13

pass

pass

pass

pass

pass
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JPL Beta-12 A12_C FPGA

22-JDN-1992 12:13:0_.44

Source file: ee_a12.C:f144

Post 500 hrs

Eatecode: _143

iil params: Vcc = 4.5CV, Vin = O.OGV

Lsmits: -lO.OCOu_ mznimum, 1C.OCOuA

CLKA -_.1+3n_ CLKE

NLOAD O.GOG _ SEL

ESEL -0.1_n_ P4B

MKTIN4 O.CO0 _ MKTIN_

EAt -O._51nA EA2

GO -O.C61nL ,1

_3 O.C61nA QO_

_2B -O.G61nA Q3E

iil par_ms: Vcc : 4.75V, Vzn : O.OOV

Limits: -10.OCOu_ minimum, 1C.OCOuA

CLKA G.CO_ _ CLK_

NLOA_ -0,1Z2n_ S_L

ESEL -O._61nA FA_
MKTINA -0.C61n4 MKTINE

EA1 O.COO _ E4Z

QO -0.I_3n_ _I

Q3 -0.122n_ _OE

G2B O.CO0 _ _3B

i_l params: Vcc = 5.CCV, Vin = O.OOV

Limits: -IO.CCOuA mirimum, IO.OCCuA

CLKA O.061nA CLUE

NLOAD O.OOO A SEE

ESEL 0.12_nJ PAB

MKTINA O,GO0 _ MKTINB

EA1 -O.122nA EA2
@0 O.CO0 4 GI

_3 -0.122n_ _OB
Q2_ -0.12Zn_ C3E

iil params: Vcc : 5.25V, Vzn : O.OOV

Limzts: -lO.CCGu_ mlrimum, IO.OCOuA

CLKA -_.Loln_ CLK_

NLOA& -O.O61n_ _EL

ESEL -0.122n_ PA_

MKTIN_ 0,000 _ MKT_N5

EA1 O,GO0 A EA_
QO -O,E61n_ &1

Q3 O.l_3nA QOB

_2_ O.GO0 a Q3B

ill p_r_ms: Vcc = 5.ECV, Vin = O.OOV

Limits: -lO.OCOu_ mimimum, lO.CCOuA

CLKA 0._61n_ CLK_

NLOAO -O.305nA SEL

ESEL O,CO0 _ PAB

MKTINA -0.122nA MKTINB

EAt -0.122nA £A2

QO -O.1Z2nA _1

C3 O.CO0 _ QO_

Q2B O,GO0 _ Q3B

m_ximum.

C.061nA

-C.061nA

O.061nA

C. 000 A

O. OOC A

-0,122n_

-0.1_3nA

O, OOC A

m_ximum,

O.061nA

O,OOO A

0,000 A

O,183nA

C. OOC A

-O.061nA

-0.122nA

-G.O61nA

m_ximum.
O.061nA

-C.O6InA

0.061nA

o.ooc A
C,OOC A

-G.36_nA

O,OOC .'

-C.122nA

_X_nIum.

O, OOC A

C. 000

0.061n4

G,OOC A

-O,O_lnA
-C,061nA

-0.122n_

C.OOC A

meximum.

-0.122nA

-_.122nA

0. OOC
_.061nA

O. 000 A
_.061nA

-_.183nA

-G.O61nA

NRESET

CMPSEL

TSE

EAO

EA3

C2

NRESET
CMPSEL
TSE
E40
EA3
C2

G1B

NRESET

CMPSEL

TSE

EAO

EA3

C2

Q1B

KRESET

CMPSEL

TSE

EAO

EA3
C2

CIE

NRESET

CMPSEL

TSE
EAO

EA3

C2

{IB

25 Set

4

#: 3

"O.061nA

0.000 A
0.000 A

0.000 A

-O.061nA

-0.061n4

°O.O_InA

O.061nA

0.000 A
-O.061nA

-O.061nA

-0.122,A

-O.061nA

-O.061nA

O. GO0 A

-0.122nA

-0.122nA

-0.122nA

-0.305n_

-0.183nA

O, 000 A

0.000 A

O.OCO A

0.000

-O,061nA

0.000 A
-0.183nA

0.000 A

-O,061nA

0.000 A

-0,122nA

0.000 A

0.000 A

-O,061nA

-0.122n_
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JPL Beta-12 A125C FPGA
22-JUN-1992 12:13:27.5_

Source file: _et_12.C:h4_

Post 500 hrs

Catecode: 9143

Zih params: Vcc = 4._CV, Vin = 4.5OV

L_m_ts: -IO.CCOuA m$_imum, IC._COuA m_ximum.
CL_ Q.305nA CLK_ C.122nA

NLOAO G.C61n_ S_L C.I_nA

ESEL O.Coln_ P&_ C.244n_

MKTIh_ 0.122n_ MKT!N5 C.061n_

EA1 O.COO _ EA2 G.2_4nA
_0 G._4_nA &1 C.I_3nA

_3 0.CO0 A C]_ C.427n_

_2e 0.183n_ _3_ 0.244n&

iih params: Vcc = 4.75V, Vin = _.75V

Lzmlts: -IC._C0u_ mzn_mum, IC.0C0uA mzximum.

CLKA 0.244n_ CLKE O.OOC
NLOAD 0.244n_ SEL C.uolnA

ESEL O.CO0 a PAE C.l_3nA

MKTIN_ C.G_ln_ MKTIN_ C.051n_
_A1 0.C61n_ _A2 G.051nA

_0 0._05nA _I 0.2_4nA

£3 O.C_lnA _0E _.244na

_26 0.C00 a _3_ 0.122n_

z_h params: Vcc = E.CCV, Vxn = _.OOV

Lsmzts: -IO.CCOuA mirimum, 1C.O[OuA m_x_mum.

CL_A 0.427n_ CLUB C.122nA
NLO_ O.122nA SEL -C.122nA

ESEL O.122nA FAB 0.244nA

MKTINA 0.C¢In_ MKTIN_ C.OOC A

EA1 O.COO _ EA2 -C.061nA

40 0.1_3nA _1 C.2_nA

&2a O.Coln_ _35 C.122n_

i&n o_rams: Vcc = 5.25V, V&n = 5.25V

Lzmzts: -IS.CCCu_ mir&mu_, IO.OCOuA meximum.

NLOAG O._01n_ SEL O.O00 A
_SEL 0.244n_ PAB 0.122nA

PKTIN_ C.122n_ MKTINe C.35=nA

5A1 C.C61nA EA2 O.OOC A

_g 0.122n_ _1 C.48_n_

C3 0.C51n_ Q0E 0.610n_

_28 0.C¢1n_ _38 0.1_3n_

zsh params: Vcc = 5.5CV, VLn = 5.50V

L&m&ts: -10.0COu_ m£mlmum, IO.OCOuA maximum.

CL_A O._5bnA CLK5 C.061n_

NLOAD 0.153nA 5EL O.183nA

ESEL 0.153n_ P_5 0.122nA

MKTIN_ O._61n_ MKTINB C.36@nA

_A1 0.122n_ _2 O.061nA

_0 0.244n_ C1 0.305n&
_3 0.I_3n_ 30_ 6.305n_

_2B O.C61nA _3_ 0.244nA

Temp:

Page:

NRESET

CWPSEL

TSE

E_0

E_3

C2

hRESET

CwFSEL

ISE

EAO
Ea3

C2

NRESET

CMPSEL

TSE

E_O

EA3

C2

NRESET

CMPSEL

TSE

EAO

EA3
C2

CIB

NRESET
CMPSEL
TSE
E_O

E_3

Q2
_IB

25
5

Set #: 3

O.1B3nA

0.183nA

O.O00 A

0.488nA

-O.061nA

O.244nA

0.000

O.061n_

0.000

0.244nA

0.305nA

O.061n_

0.244nA
-O.061nA

0.000 A
O.061nA

O.061nA
0.366nA
0.000 A

0.244nA
0.000

O.OGO A

-O.O61n_
O.305nA

O.305nA

0.122nA

0.305nA

0.122nA

0.000

O.061nA

O.OOInA

0.244nA

0.000

0.366nA
-0.061n_
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JPL Beta-12 A12BC FPGA

22-JUN-1992 12:13:46.72

Source file: Beta12.C:H44

Post 500 hrs

Catecode: 9143

25 Set"

6
#: 3

iozl params: Vcc : 4.5GV, Vin : C.OGV

Limzts: -IO.OCOuA minimum, 1C.OCOul maximum.

_0 0.000 a _I O.OOG A

_3 0.C00 A _0_ C.OOC 4

_2B O._CO A Q3B -0.61Cna

QOUTA 0.000 6 TOUTB 0.000 A

MKTOUT I._29nA MKCUT6 -U.OlCnA

COUT 0.C00 A PO O.olCnA

.P_ O.CO0 A P3 2.439nA

P5 O.CO0 A P6 0.000

OECO G.CO0 A CEC1 -C.010nA

OEC3 O.CO0 A DEC4 C.O00 A

DEC6 -1.22Cna DEC7 O.OOC A
GEC9 O.COD _ a_Cl.. C.OOC A

OEC12 O.GO0 A DEC13 O,OOC A

_C15 O,clOnA DEC16 1.829nA

DECI_ O,CO0 a DEC19 C.OOO A

BEC21 I._29n_ DECZ2 0.000 A

OEC2_ O.ECO A DECk5 G.OOC A

GEC27 0,000 A OECZE C.01CnA
D5C30 O.clOnA OEC=I 0.000 A

GEC33 D.CÙO _ DEC34 C.COO

GEC3o I._29nA 3_C_7 C.O00 A
DEC39 O.CO_ A MOLT40 E.O_O &

MOUT42 1.c_en= MOUTA3 O.OOC A

MOUT45 O.COG A MOUT_o G.OOG A

OECOB O.CO0 A DEC1& C.OOO A

OEC3B O.CO0 A DEC45 C.OOC A

OEC6B O.CO0 A OECT_ -0.610n4

oEcgB -O._ICnA DEC105 O.JOC A

_ECI_b -0.610nA 05C135 G.OOC A

£_C158 -D.tlCnA DECle_ O.OOC A

CEC16B O.CO0 A D_CI_ O. OOO A

0EC218 1._29nA D_C225 C.OOG A

CEC_4B -O._lOnA DECZ=E C.OOC A

8EC278 O.CO0 A DEC2_8 C.OOG A

BEC3O_ O.CO0 a DECklE, C.OOG A

BEC33B O.COO _ DEC34_ C.OOC A
OEC3o_ 0,610n_ DEC37_ C.O00

0EC398 O.COO A OUT40_ 1.829nA
OUT42B O.O00 _ OUT43E 0.000 4

OUT45B O.CO0 A 0U_46_ O.OOO 4

_2

TOUTA

¢OUTB

MWOU_

P1

P7

_EC2

CEC5

CEC_

_EC11

CEC14

CEC17
CEC2C

0EC23

CEC26

OEC29
E._C32
CEC3S

CEC38
_OUT41

POUT44
_'OUT4?
CEC2B

CECSe
CECSB
CEC11B

CEC148
CEC17B

CECTOe
CEC23@

CEC26B

CEC2@_

CEC32B

CEC35B
CEC38B

OUT41B

OUT44B

CUT47B

0.000 a

0.000 A

0.000 a

0.000 a

0.000 a

1.829nA

O.OOO A

0.000 a

0.000 a

0.000 A

0.000 A

-0.610hA

O. OOO A

-O.610nA
0.000

0.000 A

0.000 a

0.000 a
0.000 A

1.SZ9nA
0.000

0.000 A

0.000 A

-0.610n_

O.OCO A

0.000

0.000 A

0.000 A

0.610hA
0.000 A

0.000 a

0.000 A

-O._lOnA
-O,610nA

0.000 a

O.@IOnA
0.000 a

1,829nA
O. OOO A

0.000 A

iozl params: Vcc : 4._5V, Vin : C.OOV

Limits: -IO.GCOuA minimum, IO.OCOuA maxzmum.

QO -O.610n_ QI 0.000 A

_3 O.CO0 _ QOE C.O00 A

g2B O.CO0 A Q38 o.ooo A

QOUTA 0.000 A . TOUT5 0.000 A

MKTOUT 1.829n_ MKOUTB C.O00 A

COUT O.CO0 _ PO C.O00 a
P2 O.CO0 A P3 1.829nA

P5 O.CO0 A P6 0.000 4

DECO O.OO0 A DEC1 0,000 A

C2

GIB

70UT_

COUTB

VMOUT

Pl
P4

P7

DEC2

0.000 A

0.000 a
0.000 A

0.000

0.000 A

1.829nA

0.000

0.000 a

0.000 a
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DEC3 O.CO0 A DEC4 0.000 A
DEC@ U.O00 A DEC7 G.O00 A

DEC9 O.CO0 _ D_CIO C.O00 A

_EC12 -O._lOnA DEC13 C.O00 A

0EC15 O.CO0 _ DEC16 1.829nA

0EC18 O.CO0 A DEC19 O.OOO A

D£C21 2.439nA DEC22 O.OOG A

C£C24 O.CO0 _ DEC25 C.O00 A

0cC27 -0.610nA DEC2_ C.OuO A

DEC3C O.elOn_ DEC31 O.OOG A

6EC33 O.COC A DEC34 O.OOC A

DEC3o 2._3_n_ DEC37 C.OOC

DEC39 0.CC0 A MOUT40 C.OOG

MOUT42 I.c29nA MOUT43 O.OOC A

MOUT45 O,GO0 _ MOUT46 C.OOC
DECOB O.CO0 A DECI_ C.O00 A

OEC38 O.CO0 _ DEC4B O.OOC A

DEC6B O.CO0 A DEC7e C.O00 A

oEcg6 O.CO0 A DECIOB C.O00 A
DEC12B O.CO0 _ 0EC13@ O.OOC A

DECI5B 0.000 _ DECI_B -O.olOnA

DEC18B G.O00 A DEC19B 0.000
DEC21B 1.829n_ DEC22_ O.OOC A
DeC24B O.CO0 A DEC25B 0.000 A

_C2IB O.CO0 A DECZ8B C.O00 A

_EC3CB O.CO0 A DEC31B 0.000 A

DEC335 O.CO0 _ DEC34B C.O00 A

CEC30B O.COG _ DEC375 O.OOC A

DEC39B C.O00 A OUT40B 1.220n_

CUT42B O.CO0 A 0UT439 O.OOC A

OUT45B O.CCO A OUT4oB C.O00 A

CEC5

[EC8

CEC11

CECI&

_EC17
OEC20

CEC23

CEC26

CEC29

CEC32

_EC35

DEC38

MOUT41

MOUT44

MOUTA7

CEC29

DEC5e
CEC8B

DEC11B

CEC14@

OEC17B

DEC2CB

CEC239

DEC26B

CECZgB

CEC32B

DEC35B

CEC3_B

OUT41@

OUT44@
OUT47@

0.000 a

0.000 a

-1.220nA

0.000 a

0.000 a

0.000 a

-O.510nA
0.000 A

0.000 a

0.000 a

1.829nA

0.000 a
-0.610hA

0.000 A

0.000 a
-0.610hA

-0.610hA

0.000 a

0.610na

0.610na

0.000 a

O.OCO a

0.000 a
0.000 a

-O.51DnA

0.610hA
O.OCO a

O.610nA

1.829nA

0.000 A

O.OOO a

iozl

Limits:
_0

¢3

_2_

COUTA

MKTOUT
COUT

P2

P5

OECO

CEC3

CECO

DEC9

_EC12

D_C15

_EC18

CEC21

DEC24

0EC27

OEC3C

DEC33

DEC3@

D_C39

MOUT42

MOUT45

OECOB

params: Vcc = 5.00V, Vin = C.COV

-IO.OCOuA minimum, IO.OCOuA maximum.

-1.220n_ QI C.000

O.CO0 _ _OL C.OOC
O.CO0 A 035 -O.clOn

C.[CO _ TOUT_ O.OOC

1.220n_ MKOUT_ C.bOO

O.CO0 _ PO O.O00

O.CO0 a P3 1.b29n
C.CCO A P6 C.GOO

O.COC _ DEC1 0.000

O.CCO _ DEC4 C.OOC

-O._lOn_ DEC7 O.OOC

O.CO0 A DECIO 0.000

O.CO0 _ DEC13 C.OOO
O.clCn_ DEC16 1._29n

0.C00 _ DEC19 C.O00

I._29na DEC22 0.000

0.C00 _ DEC25 C.O00

O._lOn_ DEC28 0.510n

O.CO0 A DEC31 0.000

O.OOO _ DEC3_ C.000

I._29nA DEC37 0.000

0.000 A MOUT40 0.000

1.220nA MOUT43 C.OOO

O.CO0 A MOUT40 C.O00

O.CO0 A DECIB O.OOC

A e2 0.000 a

A CIB O.OOO a

A TOUTA 0.000 A

A COUTB O.610na

_MOUT 0.000 A
A Pl 1.220n_

A P4 0.000 A

A P7 0.000 A

A CEC2 -0.610hA

A DEC5 0.000 A

t CEC8 O.OOO a

A DEC11 -0.610nA

A 0EC14 0.610na

A DEC17 O.CO0 A

A DEC20 0.000 a
4 0EC23 0.000 a

A DEC26 0.000 a

A 0EC2_ 0.000 a

A CEC32 0.000 A

A CEC35 1.829nA

A 0EC38 0.000 a

A MOUT41 0.000 A

A MOUT44 0.000 A

A MOUT&7 -0.61On&
A CEC2B -0.610ha

201



OEC3B O.CO0 _ DEC_ 0.000 A

DECOB O.OOO _ DEC78 C.OOC A
OEC9B O.COg _ DECI05 O.OOO A

DECI2B O.O00 A DECI3E O.O00 A

DEC15B O.CO0 _ DEC16_ 0.000 A

DEC18B O.CGO _ 3EC19_ G.O06 A

DEC21B I.c2_n_ DEC226 O.OOC

DEC24B O.CCu _ 0£C25_ 0.000 A

DEC27B -O.e1On_ DSC25B C.OOC A

OEC3C6 O.COO _ 0ZC315 C.OOO
D_C338 O.COC _ OeC3_ C.OOC a

D_C308 O.COO a SEC_7_ C.OOC A
DEC39B O.COO A OUT40_ 1.22GnA
OUT_2B C._ICn_ OUT43_ 0.000

OUT45B O. elOn4 OUT4_ O.OOC A

DECSe

OECBB
CEC11B

DEC14B
CEC17B
CEC20B

DEC23E
CEC26B

CEC2£E

CEC32B

DEC35B

CEC38B

OUT41B

CUT&4B

CUT47B

O. 000 A

-I .220nA
O. 000 A

O. 61 OnA

0.000 a

0.610hA

0.610nA

O. 000 A

-0.610nA

0.000 A

O. 000 A

0.610ha

2.439nA

O.610nA

O. 000 A

iozl params: Vcc = 5._5V, Vin = C.GCV

Limits: -1O.OCOuA mlrimum, IO.OCOuA m_ximum.
QO -O.610nA _1 O.OOC
Q3 O.CO0 _ _OE O.blOnA

Q2B O.CCO _ _5_ O.OOO A
_OUTA O.CQO A TOUTE C.OOC A

MKTOUT I._9n_ MKOUTE O.O00 A
COUT O.CLO _ P3 O.OOC A
P2 O.CO0 A P3 !._29nA

P5 O.CO0 _ Po C.OOC A

CeCO O.CO0 _ DEC1 O.O00

DEC3 O.CO0 _ D£C4 C.OOC

OECo C.CO0 _ DEC7 C.OOC A

OEC9 O.GCO _ OECIO C.O0]

OEC12 O.OOC A gEC13 O.OOC

DEC15 O.CO0 _ DECI_ 1.220nA

DEC18 O.OOu A DEC19 C.OOC A

OEC21 I._29na DEC22 C.OOC

O_C2_ O.CCO _ DEC25 O.OOO A

CEC27 0.000 _ DEC28 C.O00

05C50 0.000 _ D5C31 C.OOC A
_EC33 O.CO0 A DEC34 C._lOn_

CEC3o 1.c29n_ DEC37 C.OOO A
DEC39 O.CO0 _ MOUT_O C.O_C

MOUTh2 1.2_On_ MOOT43 C.cIOn_

MOUT45 O.CCO 4 MOUT_b C.O00

OECOE O.COO _ 25C1_ C.OOC A
D5C36 O.CCu A D_C_5 C.006 4

_ECbB O.OOb _ D5C75 -,3._ICnA

oEcge O.CO0 _ D5C105 C.OOO 4

0EC12_ 'J.CO5 _ OEC13_ C.OOC A
_EC15_ 0.£6u A 15C1oB O.OOO A

OECI_E -O._lOnA OEC19B C.O00 A
DEC216 1._29nA OEC22E O.610nA

CECZ4_ O.COO _ DEC258 0.000 A

DEC279 -O.610nA DEC2S5 O.OOC A
OEC3O8 O.COO A DEC31B O.01CnA

CEC33B O.CO0 A DEC3&B O.OOO A
DEC36B O.CO0 _ DEC37B t.OOC A

DEC39B O.COO A JUT.35 1.E29nA
CUT42B L.COG _ OUT43E 0.000

OUT45_ O.OO0 _ OUT&b_ C.OOG A

C2

QI@

TOUTA
_OUTe

MMOUT

P1
P&
P7

CEC2

DEC5
DEC8

DEC11
DEC14

DEC17
CEC2C

DEC23

_EC26

_EC29

_EC32

CEC35

CEC38
MOUT41

_OUT4&

MOUT47

C_C2B
CEC5B

OEC_B

CEC11B

_EC14B

_EC17B

CEC2GB
CEC23B

CEC26B

DEC29B

CEC32B

_EC35@

CEC3_B

OUT41B
OUT44B

CUT47B

0.000 A

O.OOO

0.000 A

0.000 A

0.000 A

1.829nA

0.000
O.OCO A

0.000 A

O.OCO a

0.000 a

-0.610ha
0.000 A

-O,610nA

0.000 a

0.000 A

0.000 a

0.000 a

0.000 a

1.829na

0.000
O.OOO A

-0.610nA

0.000 A

0.000 A
0.000 A

0.000 a

0.000 a

1.220nA
-O.610nA

0.000 A

0.000 A

0.000 A

-O.510nA

0.000 a

O. 000 A

0.610hA

1.829na

0.000 a

0.000 A
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iozl params: Vcc = 5.50V, Vin = C.OOV

Limzts: -IO.CCOu_ mirlmum, IO.3CCu_ mex_mum.

QO -O.¢lOnA _1 O.OOC A
_3 O.CO0 A C0£ O.OOC A
_B O.t1On_ _3E C.O00

COUTA C.CCD _ TObT_ O._lCn_

MKTOUT 1._2_n_ MKCUT_ C.OOC
COUT O.CCO a PO O.OOC
PL C._O0 _ _b 1.e29n_

"P5 O.CO0 _ _ C.O00

OECO O.CO0 _ D=C1 -C.clCnA

0£C3 O.CCO _ 8_C_ 8.00C A

OECO -O._lOn_ _EC7 0.000 A
DEC9 O.CC_ A DEClO O.OOC A
_EC12 O.CO0 _ DEC13 O.OOC A

CEC15 O.COC _ DECIo 1.220nA

DEC18 O.CCO _ _=_.C19 O.OOC A

DEC21 2.43On_ 3EC22 O.OOC A
CECZ4 O.COb _ 3EC25 C.O00 A

OEC27 O.CO0 A DEC25 C.OOC A
OEC3C 0.000 _ DEC31 C.O00 A

.DEC33 O.CCO _ DECk4 C._ICnA

DEC3_ 1.220n_ DECk7 Q.olCn_

_EC39 O.CCO A MOUT_O -O.610nA

MOUTAZ 1.225n_ MOUTh3 C.O00 A

MOUT45 O.COO _ MOUT_b O.OOC A

DECOB O.CO0 _ DECIE C.OOC A
OEC3B -O.610n_ DEC_: C.OOC A

OEC6B O.CO0 _ DECTE C.OOC A
DEC9B O.CO0 _ DEClO_ O.OOO A

-OEC12B O.OOO _ DEC13B C.OOC A

. DEC15_ -O.elOn_ DEClc_ O.O00 A

CEC18B O.OO0 _ DEC19_ 0.000 A
OEC21B 1._29n_ DECZZ& C.OOO A

0£C24B O.CO0 _ DEC25_ O.O00 A

CEC278 -O._lOn_ DEC286 C.OOC A

DEC30B O.CO0 _ DEC318 C,OOC A

DEC33E O.COO _ OEC_46 C.C3C A

_EC3oB O.CCO _ DEC_?E C.OOC A
0EC396 O.CO0 _ OU_O_ 1.529nA

OUT4Z5 O.COO _ 0U143_ C.OOC
0UT455 O.COO _ OUT&o_ C.OOC

E2

TOUT_

_OUT8

MuOUT

Pl

P4

_7

CEC2

CEC5

CEC8

DEC11

CEC14

0EC17
CEC20

CEC23

CEC2_

CEC29

CEC32

C_C35

CEC3E

POUT41

MOUT44

MOUT47

OEC2E

CECS_

CEC88

_EC11B

DEC14B

CEC17B

BEC2CB
D EC23B

_EC26B

CEC29B

_EC32E

8EC35_

CEC3_5

CUT41B

OUT44B

0UT478

0.000 A

0.000

0.000

O._lOnA

0.000

2.439na

0.000

O.OGO a

O.elOnA

0.000 a

0.000
0.000

0.000

0.0OO A

0.000

0.000 A

-I,22ONA

0.000

0.000 a
1.829n_

O.000 A

0.000 a

0.000 a

0.000 A

0.000 A

0.000 A

0.000 A

0.610hA
0.610nA
0.000 A

0.000 a

0.000 a

0.000 a

-0.610na

O.0CO A

0.000 A

O. CO0

1.220nA

O.000 a

O.CO0 a
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JPL Beta-12 A1280 FPGA

22-JUN-1992 12:14:19.45

Source file: Beta12.C:H_4

Post 500 hrs

Catecode: 9143

iozh params: Vcc = 4.50V, Vzn = 4.50V

Limits: -IO.GCOuA mirimum, 1C.OCOuA maximum.

_0 0.610nA _I O._lCn_

Q3 0.C00 _ tOE 1.22CNA

_2_ O._IOnA _3_ O.010nA

_OUTA 0.0G0 _ TObT_ C.610nA

MKTOUT I._29nA MKCUT_ 0.000 A

COUT O.CO0 _ PO C.OOC A
P2 O.ClOnA P3 2._39nA

P5 0.610n_ P6 0.610hA

OECO O.CO0 A DEC1 O.OOO A
DEC3 O.o10nA _EC4 O.OOC A

CEC6 -0.610hA DEC7 C.OOC A
_EC_ 0.61Cn_ DECIO 0.000 A

0EC12 0.000 _ DEC13 0.000 A

CEC15 0.C00 A DECIb 1.829nA
DEC18 O.CO0 _ DEC19 0.000 A

DEC21 1._29nA DEC22 C.O00 A

EEC24 O.COG _ DEC25 C.O00 A

DEC27 0.800 A DEC2_ O.OOO 4

EEC30 O.CO0 A D_C31 0.61Cn4

GEC33 O.CO0 _ DEC34 O.010nA
OEC3o 2,439n_ DEC37 O.01On4

0EC39 G.CO0 _ _O_T40 C.OOC

MOUT42 1.220n_ HOUT43 O.olOnA
MOUT45 O.CO0 A MOUT4o G.OOC

OECOB O.GO0 A DECIB G.blOn4

OEC3B O.CO0 A DEC46 O.OOG A

DECbB O.OO0 A DECIB 0.000 A

DEC98 O.610nA DECIO_ O.OOC A

DEC12B -0.610hA 2EC13B C.OOG A

_EC15B 0.000 A OEClcB G.OOC A

OEC18B O.CO0 A DEC195 O.OOC A
OeC21B 1._29n_ 0EC228 C.OOC

DEC246 -O._lOn_ DEC2_ -O.OlCn4
OEC2?B 0.000 _ 0EC286 1.22Cn4

DEC30_ 0.000 A OEC31B C.O00 A

0EC336 O.OO0 A D_C3_B 0.000 A

DE C'3oB O.CO0 A DEC37B O.OOC A

0EC396 O.GO0 A OUT4G5 1.B29nA

OUT_26 0.610hA DUT_36 O.OOO A

OUT_SB O.O00 A OUT46_ O.O00 A

Temp:

Page:

C2

QIB

TOUTA

COUTB

MMOU?

P1
P4

P7

_EC2

CEC5

OEC8

OEC11

CEC14
DEC17
CEC20

DEC23

0EC26

DEC29
CEC32

_EC35

_EC38

MOUT41

MOUT44
POUT&7

CEC2B
OECSB

CECBe
CEC11B

CEC14B

CEC178
OEC20B

CEC23B

CEC26B

CEC29e

CEC32B

_EC35B

EEC3_B

OUT&IB

OUT44B
CUT47B

25
7

Set #: 3

0.610hA

O. 000

O. 000 =

0.610n_

O.610nA

1.829n_

O. 000

O. 000 A

O. 000 A

O.blOnA
O. OOO

O. 000 A
O. 000 A

O. 000 a

O. 000 A

0.000

O. 000 A

O. OOO A

O. 610nA

2. 439n4
O. o00 A
0.61On&

O. 000 A
O. 000 A
O. OOO A

O. 000 A
O. o00
O. 000 A

0.610n_

0 •000

0. OOO

0.610n_

O. 000 A

-O.610nA

0.610hA

0 • 01 On A
O.610nA

2.439nA

0. 000
O. 000 A

iozh params: Vcc = 4.75V, Vin = 4.75V

Limits: -lO.O00uA mirimum, IO.OCOuA maxzmum.

_0 0.000 A _1 0.000 A

Q3 O._lOn_ QOB C.olOnA
_26 O.OO0 A &3E C.610nA

QOUTA 0.000 A TOUT6 O.olenA
MKTOUT 2.439nA MKCUTB 0.000 A

COUT 0.610hA PO 1.22GnA

P2 0.000 A P3 1.B29nA

P5 0.610n_ P6 O.61CnA

DECO O.610nA DECI 0.610n_

@2

QIB
TOUT_

_OUT@
MMOUT

PI

P4

P7

CEC2

0.610nA

0.000 A
O. 000 a
0.000 A
O. 000 a
1.829n_

O. 000 A
O. OOO
O. OOO
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DEC3 O.e1On_ C5C4 O.OOO A

D_C5 0.000 _ DEC7 C.610nA

OEC9 O.¢lOnA DSClO C.OOC A

DEC12 O._lOnA DEC13 O.OOC
DEC15 0.610nA DEClo 1.22CnA

0EC18 O.CO0 A DEC19 O.OOO A

BEC21 2.439nA 2EC22 O.OOC A

CEC24 -O.t1OnA 2EC25 _.000 A

0EC27 O.olOn_ DEC28 C.O00 A

DEC30 O._10n_ DEC31 C.OOC A

DEC33 O.COG A DECk4 C.olCnA

DEC36 1._29nA BSCZ7 C.eICnA

DEC39 O.CO0 A MObT40 O.OOC A

MOUT4Z 1.&29n_ MOUT43 O._lOnA

MOUT45 O.CO0 A MObT46 C.OOC A

DECOB O.CO0 a BEC1E 0.61CnA
DEC3B O.CCO A D5C4_ C.OOC A

BEC6B O.CO0 A OECT_ C.OOC A

CEC9B O.COC _ DECIOB 0.000 A

OECI2B C.CCO _ DEC13B -C.61CnA

0EC158 O.CO0 A DEC16B C.O00 A

_EC188 O.elOnA D_CI_5 C.eICnA

CEC21B 2.439n_ 05C22B 0.¢1Cn4
CEC248 O._lOnA OEC25B C.OOC A

_EC2?B O.CO0 _ DEC2E8 1.220nA
8EC308 O._lOnA DEC316 0.000 A

0EC338 O._lOn_ 0EC345 [.000

DEC308 O.COO A DEC37_ C.OOC A

_EC39B 0.000 A OUT4OB 2.439nA

OUT42B O.610nA 0UT436 C.OOC A

0UT458 O.¢lOnA OUT4oB C.O00 A

OEC5
DEC8
_EC11

DEC14
CEC17

_EC20

0EC23
DEC26

_EC29
CEC32
0EC35

CEC38

MOUT41
MOUT&4

MOUT47

CEC2B

CEC5B
CECBe

CEC11B
CEC14B
_EC17B

CEC20_
CEC23B

CEC268

CEC29B
CEC32B

CEC35B

EEC3_8
CUT41B
CUT64B

CUT47B

0.000 A

0.000 A

0.000 A

0.000 A

0.000 A

0.000 A

0.000 A

-0.610nA

O.O00 A
O.610nA
2.439nA

0.000 A
O._10nA

0.000 A

-O.610nA
0.000 A

0.000 A

0.000 A

O.OOO A

O.610nA

O. O00 A

0.000 A

0.000 A

0.000 A

0.000 A

0.610hA
O. 000 A

0.610n_
2.639nA
0.000 A

0.600 A

iozh params: Vcc = 5.COV, Vin = 5.00V

Limzts: -IO.CCOuA minimum, IC.OCOuA mBxzmum.

_0 O.COC A _1 L.61CnA

_3 O.OCO A _0_ C.61CnA

_28 O.610nA _36 O.OlOn_

GOUTA O.tlOnA TObT_ C.OOC A

_KTOUT 2.439nA MKCUTB C.OOC
COUT O.CCG A PO C._ICnA

P2 O._lOnA P3 1.22C_A

P5 O.elOnA P6 C.O00

O£CO O.OO0 _ DEC1 C.OOO A
OEC3 O.OOO A DEC4 O._lOnA

DECb -O.OlOnA DEC? O.OOC A

DEC9 0.¢10n= 05CI0 0.000 A

DEC12 -O.t1On_ DEC13 C.510nA

DEC15 I._20n_ OEC15 1.629nA

CEC18 O.CO0 _ DEC19 C.O00 A

BEC21 1.529n_ DEC22 C.610nA

DEC24 O.O00 _ D5C25 O.OOC A
DEC27 O.olOn_ DEC28 C.OOC A

OEC3O O.clOn_ DEC]I 0.000 A

DEC33 O.CO0 _ DEC34 O.elOnA
CEC3o 2.439n_ DEC37 G.61GnA

DEC39 O.CO0 5 MOUT4C O.OOO A
MOUT42 1.220nA MOUT43 O.olGnA

MOUT45 O.CO0 A MOUT&6 O.OOC A

DECOB 0.000 A DECIB 0.610nA

QIB
TOUTA

(;OUTB

MMOUT

P1

P_

P7

OEC2
OECS

E:EC8
tEE11
CECI &
CEC17

OEC20

_EC23

CEC26

CEC29

0EC32
0EC35
CEC38

MOUT41
MOUT44

MOUT47

OEC2B

O. 610nA

O. 000 A

O.610na

O. 000

O. 000

1.829nA

1.220nA

0.000

0.000
O.610nA

0.000 A

0.000 A

0.000 A

0.000

0.000 A

0.000 A
0.610nA

0.610nA

O,610nA

2.439nA
0.000 A

0.610n_
O. OOO A

-0.610nA

0.000
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OEC3B

OEC6B

DEcg@

0EC126

DEC15B

DEC18@

OEC21B

CEC246

DEC2?B

DEC3GB

OEC33B

DEC36_
0EC39@

GUT428
0UT456

O.CO0 A OEC4B

O,CO0 A OECTB

O.GO0 a DEClC@

O.CO0 a 06C13_

O._lOnA DECI_B

0.000 _ DEC196

2.439na OECZZ5

0,610hA DEC25_

0.000 _ DEC28_

O._lOnA OEC31B

0.o10n_ DEC345

O._1_n_ DEC37B

C,610n_ OUT_CE
O.CO0 _ OUT_35

G,CO0 _ OUT4o_

0.610hA

G. 000 A

0.000

0.000 A

O.OOC A

C'.610nA

O.61OnA

0,610n4
O,elOnA

0,000 A

O. 000 4

O.OOC A

1 .629nA

0. OOC

O. OOC A

CECSB
CEC8e

DEC11B

DEC14B
CEC17B

CEC2CB

£_C23B
_C26e

_EC2_B

CEC32@

CEC35B

CEC3@@

OUT41B

OUT44_

OUT47@

0.000 A

0,610nA

O. 61 OnA

0,610,A

O,OCO a

0.000 A

0.000 A

0.000 A

0.000 A

0,610ha

0,610nA

0.610nA

2.439n4

0.000 A

0,610nA

_ozh par_ms: Vcc = 5.25V, Vin = 9.25V

L_mits: -10.CCOua m_rimum, 1C.OCOuA
CO O.CO0 A Q1
_3 0.000 A &Oe

C26 O.610nA _3E

QOUTA O,OOC A TOUT£
M_TOUT 2.439nA MKObTB

COUT O.CO0 A PO

P2 O.COO 4 °3
P5 O.O00 _ D6

DECO O.clOnA 05CI

OEC3 O._lOn_ DEC_

DEC@ O.CO0 _ DEC7

DEC9 0.610n_ DECIO

0EC12 0.000 _ DEC13
5EC15 1.ZZOnA DEC16

_ECIB O.olOn_ _EC19

CEC21 1._29n_ DEC22

CEC2_ O.COO _ D_C25

_=C27 O.CO0 _ O_CZ_

C_C3G O.CO0 _ DEC31

CEC33 O.e1On_ DEC3_

CEC36 1._29n_ DEC37
CEC39 _,clOn_ MO_T_O

MOUTG2 1.c29n4 MObl_3

NOUT_5 C.COO A MO_T_
_CCOe G.COC _ OECl_
OEC3_ O.COC a OEC_

D5C6_ O.O00 A DEC75

DECge O._lOna DECIC5

3_C1_ O.CO0 A DEC13_

D_C15e O.OOO a DECI_

CEC15_ O.COO _ OEClq5
OECZ1B 2,_39n_ DECZ2_

DEC24B 0.610n_ OEC25B

OEC_TB O.CO0 _ 0EC26_
O_C30B O._lOn_ D_C31B

CEC33@ O.e1OnA DEC34@

0_C308 O.COC a 0EC37_
OEC39B O.CO0 _ OUT40_

OUT_26 O,COO a 0U7438

OUT45_ O.CO0 _ OUT4o5

m_ximum.

0.000 A
0.610nA

O.blOnA

C.OOO A

C.O00 A
O.O00 A

2._39nA
C.OOC A

C, 000 A

O. OOO A

C.oICna

O.OOC

O.O1OnA

1,829nA

O.OOO A

C.OOC a

O.OOO a
O.OOO 4

C.61CnA
C,610n_

C.O00
C. OOC A

0.61OnA

C.O00 4

O.OOC
C.OOC A

O.610nA

O.OOC A

C.OOC A

C.OOC A

C.OOC A

C.61CnA

C.OlCn4

C._IOnA
G.olOnA

O.O00 A

0.000 A

1,220n_

0.000 A

0.61OnA

Q2
¢1B
TOUT_

¢OUT_
_wOUT
P1
P4
P7
C_C2

CEC5
CEC8

CEC11
CEC14

CECI?

C_C20

CEC23

CEC2_

CEC29

CEC32

CEC35

CEC3E
_OUT41

MOUT44

MOUT47

CEC2_

_EC5_

OECS@

CEC11B

EECI&B

CECI?B

C[C2CB

CEC23B

CEC2_B

_EC29B

_EC32_

0EC358
CEC3eB

OUT41B

CUT44B

OUT47B

0.000 A
O.OOO a

0.000 A

0.610hA

O,O00

1,829n4

0.000
0.000

0.000 A

O,610nA

0.510n_

0.000 A

0.000

0.000

0.000

0.000

O.CO0
0. 000

0,610n_

2.439n4

O. 000 A
0.000 A

0.610hA

0.000 A

0.000 A
O.OOO a

0.000
O._IOnA

0,610hA

0.610nA

0.000 a

O.elOn_

0.000 a

0.000 a

0.610hA

0.610ha

O._10n_

2.439n_

0.000 a

0.000 a
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iozn params: Vcc = 5.50V, Vin = 5.50V

Limits: -lO.OCOuA minimum, 1C.OCOuA maximum.

gO O.610nA G1 G.oICnA

_3 0.610hA _OB C.EICnA

_2B 0.610n_ _3_ O.¢lOnA
QOUTA O.CO0 _ TOUT5 0.610hA

MKTOUT Z.439nA MKOUT_ C.O00

COUT 0.610hA PO C.OOC A

92 O._lOnA P3 1.829n_

P5 O.CO0 A p_ O.OOC A

CECO O.GOC A DECI C.GO0
_EC3 O.COO _ DEC4 C.O00 A
DECb O.COO _ DEC7 O.OOC A
_EC9 O._10n_ DEC10 0.000 A

0EC12 C._lOn_ 0EC13 O.OOC A
_EC15 O._10n_ DEC16 Z.43_nA

DEC18 O.COJ _ DEC19 C.OOC A

_EC21 Z.a39nA DEC22 O.O00 A

0EC24 -0.510n_ DEC25 C.OOC A

OEC27 -O._10n_ DEC25 O.010nA

DEC30 O.clOnA DEC31 O.OOC A

DEC33 0.000 A DEC34 O.@lOnA

_EC3o 2.439n_ DEC37 O.OOC A

CEC39 O.CO0 _ MCUT40 S._10nA

MOUT42 1.220nA MOUT43 0.61CnA

MOUT45 O.CO0 _ MOUT46 C.OO0 A

C_COB 0.610hA OECI_ O.elOnA

D_C3B O.COC a _5C4= O.OOC A

DEC6B O.610nA DECTB C.300 A

DECgB 0.C00 A DECI08 C.OOC A

DEC128 O.CO0 A DEC13E C.OOC A

D_C15B O.CO0 _ aSClc_ /.61Cn4

3EC18B O.OO0 _ DECI_R C.OOC; A
CEC218 1.C29n_ DEC229 C.]OC
D_C24B C _lOn_ DEC2 c"" _ C.olCnA
_EC27B O.COC _ DEC_ -._ICnA

D_C309 O.clOn_ OEC_I_ C.OOC A

DEC335 C.CCL _ OSC34E C.@lOn_

CcC3c_ O._lC.n_ OEC3?E -C._ICn_
CEC396 g,COO a OUT&05 1.22CNA

CUT_20 C.elOnA 0UT435 C.OOC A

OUT45@ O._lOn_ CU_4c_ C.O']C C

C2

TOUT_
QOUTB
¥MOUT

Pl

P4

F7

DEC2

DEC5

CEC_

DEC11

_EC14

0EC17
CEC20

DEC23

DEC26

_EC29

EEC32

D5C35

CEC38

MOUT41
MOUT44

MOUT&7
CEC29

£EC5_

CSC_B
_EC11@

cEC14e
CEC17B

C_C20e
C_C23@

CEC269
CEC29B

CEC32B

C5C35B

CEC3EB

CUT41B

C_T_4_
OUT47_

0.610nA

0.000 4

O.OCO A
0.000 a

O.610nA
1.829nA

0.000 A
0.610hA

0.000 a

O.610nA

O.OCO A

0.000

-O.010nA
0.000 A

0.000

0.000 A

0.000 A

0.000 A

0.000 A

2.439nA

0.000 A

O. OGO A

0.000

0.610nA

O. 000 A

O. 000

0.610n_
0.610hA

0.610hA

-0.610nA

0.000 A

0.610hA

O.OCO A

0.610n_

O.610nA

O._10nA

0.610nA

1.829nA

O.OCO

0.000 A

Device PASS5& all tests.
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JPL Beta-12 A1280 FPGA

22-JUN-1992 12:46:43.61

Source file: Eeta12.C:H44

Post 500 hrs

vih params: Vcc = 4.50V.

Cateco_e: 9143

Limits: 800.0mV minimum,

CL_A 1.359 V CLKE

NLOAG 1.333 V SEL

ESEL 1.323 V PA8

MKTINA 1.292 V MKTINB

EAI 1.349 V EA2

GO 1.291 v _1

_3 1.330 V _OB
_28 1.330 _ g3B

vih pirams: Vcc : _.75V.
Limits: 800.CmV minimum,

CLKA 1.455 V CLKB

NLOAD 1.384 V SEL

ESEL 1.374 V PA8

MKTINA 1.342 V MKTINB

EAt 1.405 V EA2

QO 1.339 9 31

_3 1.384 V _OB
G28 1.384 V Q3B

vxh params: V¢c = 5.CGV.
Limits: 800.OmV minimum,
CLKA 1.477 V CLKB

NLOAD 1.455 V SEL
ESEL 1.425 V PAB

MKTINA 1.395 V MKTIN8

EAI 1.455 _ EA2

GO 1.3.87 V Q1

Q3 1.433 V QOE
Q28 1.433 V _38

vih _arsms: Vcc = 5.25V.

Limits: 500.CmV minimum,

CLKA 1.b37 V CLK_

NLOAO 1.454 _ SEL

E$EL 1.472 V PA5

MKTINA 1.440 V MK_INB

EAt 1.501 V EA2

_0 1.43b V _1
Q3 1.481 V _OB

G2B 1.481 V Q3B

vih params: Vcc = 5.50V.

Lzmits: bOO.CmV minzmum,

CLKA 1.589 V CLK8

NLOAD 1.534 V SEL

E3EL 1.522 V PAB

MKTINA 1.486 V MKTINB

EAI 1.5w7 V EA2

GO 1.454 v Ol

Q3 1.529 V _0B

Q2B 1.529 V Q3B

2.C00 V maximum.

1.402 V

1.311 V
1.311 V
1.27_ V

1.315 V
1.33g V
1. 291 V
1.321 V

2.000 V maximum.

1.455 V

1.359 V
1.361 V

1.326 V

1.367 V

1.392 V

1. 339 V
1. 370 V

2.000 V m_ximum.

1.512 V

1._08 V
1.409 V
1.384 V

1.412 V
1.44C V

1.389 V
1. 421 V

2.OOO V maximum.

1.5,'33 V
1.47E V

1.455 V
1.430 V

1._,63 V
1.491 V
1.43¢: V

1.471 V

2.000 V maximum.

1.0_2 V
1.501 V

1.49_ V
1._75 V
1.512 V

1.540 V

1.484 V
1.51_ V

NRESET

CMPSEL

?SE

EAO

EA3

;2

_lB

NRESET
CMPSEL
_SE
EAO

EA3

_2

EIB

NRESET

CMPSEL

ISE

EAO

EA3

Q2

NRESET

CMPSEL

TSE

EAO

EA3

C2

CIB

NRESET

CMPSEL

TSE
EAO

EA3

;2

¢IB

25 Set #: 3
2

1. 334 V

1.318 V
1,326 V
1. 336 V
1.313 V

1.333 V
1.330 V

1.389 v
1.368 V
1.374 V
1.387 V
1.359 V

1.384 V

1.384 V

1.501 v

1.417 v

1.424 V
1.437 V

1.412 V
1.436 V

1.433 V

1.493 v

1.465 V

1.500 v
1.488 v

1.465 V
1.484 V
1.481 v

1. 544 V
1.512 v
1. 522 V

1.537 V
1.519 V

1. 534 V
1. 528 V
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JPL _eta-12 A12_C FPGA

22-JUN-1992 12:_C:59.;4

Source file: _et_1_.C:M44

Post 500 hrs

v_l pmrams: Vcc = 4._GV.

L%mzts: _00.CmV mlnz_um,

CL_A 1._C3 V CLKE

NLOAO 1.27_ V SEt

ES_L 1.2_5 _ PA_

FKTIN6 1.19: V £_0

EA2 1.21C V _A]

_1 1.2_c V _2

_0o 1.324 _ _Ik

C35 1.235 V

vil params: Vcc : 4.75V.

tzmits: 800.GmV minimum,

CLKA 1.241 V CLKE

NLOA0 1.321 V SEL

E5£L 1.Z91 V PA_
MKTIN6 1.23_ _ _AG

EA2 1.257 V EA3

_I 1.317 V _2

_08 1.375 V _IE

_36 1.2_3 V

vil params: Vcc : 5.CCV.

Limits: 600.CmV minlmum,
CLKA 1.27o V CLK_

NLOA0 1.367 V SEL

ESEL 1.339 V PAB

MKTIN£ 1.29e V EA0

_A2 1.304 V EA3

_I 1.3_5 V 42

_0B 1.42_ V _16

_36 1.32_ v

vii perams: Vcc = 5.ZSV.

L&m&ts: 800.0mY mznimum,

CLKA I._11 V CLK_

NLOAO 1.415 v SEL

ES_L 1.3_c _ ?Ae
MKTiN5 1.3:C V _C

EA2 1.3_ V _A3
_I 1.41_ V G2

.0_ 1.472 _ _IE

_35 1.375 V

vii pmrams: Vcc : 5.50V.

L&m&ts: &OO.CmV minimum,

CLKA 1._6& V CLEB

NLOAC I._o2 V SEL

ESEL 1._2_ V PA6

MKTIN5 1._31 V EA6

EA2 1.393 v EA3

_I 1.462 v _2
_06 1.521 V _1_

Q3B 1._21 V

Detecoo_: 9143

2.C00 V mzx&mum.

1.210 v

1.210 V
1.232 v
1.233 V

1.207 v
1.255 v
1.25c V

2.CC0 V meximum.

1.242 V
1.257 V

1. 274 V
1 • 279 V

1.252 V
1.307 V
1.314 V

2.000 V mexim_m.

1. 273 V

1 • 304 V

1.317 V

1.327 V

1.299 V

1.352 V

1.3_5 V

2.000 V m_ximum.

1 .30& V

1.3_ V

1.35_ V

I. 373 V

1. 342 V

1.40C V

1.411 V

2.000 V maximum.

1.334 V
I. 393 V

1.397 V

1.z. 18 V
I. 33_: V

1.44(: V
1.459 V

Temp:
Page:

NRESET
CMPSEL

MKTINA

E_I
_0

C3

C2B

NRESET

CMPSEL

PKTINA
EA1

CO

_3

C2_

NRESET

CMPSEL

PKTIhA

EAI

CO

C3

_RESET

CMPSEL

MKTINA

EAI

_0
c3

C2B

NRESET

CMPSEL

MKTINA

EAI

QD

Q3
C2B

25 Set #: 3
3

1.255 V

1.233 V

1.222 V

1.220 V

1.329 V

1.245 V

1.258 V

1.299 V

1. 280 V

1.273 V
1 • 269 V

1. 380 V

1.293 V

1 •307 V

1.339 V

1.327 V

1.339 V

1.315 V

1.431 V

1.3_2 V

1.355 V

1. 390 v

I. 367 v

1.392 v
1. 361 V

1._79 V

1.387 V

1.4(]3 V

1.437 V

1.414 V

1.437 V

1.4C5 V

I. 528 V

I. 434 V
1.452 V
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JPL _eta-12

22-JUN-1992

Source fZle:

Post 500 hrs

41280 FP_A

13:19:28.39

Beta12.C:H44

CstecoCe: 9143

Tem_:

Page:

25 Ser

2

#: 3

Tpzi_tse params: Vcc = 4.5_V, Vih

Lzmits: 1.0CCnS mzni_m, _CC.OnS

TOUTA 57.07nS _OUT_

QOUTB 5e.5_n$ M_TCUT

MMOUT 57.3_nS COOT

Pl 4O.OOnS F2

P4 59.19n5 ;5

P7 57.Z4n_ ]ECC

CEC2 57._2n5 DEC3

CEC5 eE.5DnS ]5C6
_EC8 53.9Zn$ _EC9
_EC11 54.C2nS DSCIZ

CEC14 57.17n5 DEC15

D5C17 52.5onS _ECI_
_EC2G 52.25n$ DEC21

CEC23 51.51nS £,5L2_

D_CZ6 5C.57nS _EC27

_C29 5¢._n_ _5C_U

CEC32 52.3_nS DEC33

DEC35 54.2_nS _C3c

3EC3_ 57.C3n_ Z_C3 z

MOUT41 50._6n_ MObT_Z
MOUT44 _.cGnS MOLT&5

_OUT47 5U.13nS _EC_

D_C2_ o0.47nS 0EC35
DECSb o0.75nS DEC6_

G_CSB 5_.91nS DECgE

_C116 53.7_nS "J5C125

_EC14_ 56.5-n$ DEC15B

_C176 57.6CNS O_CI:E

_EC_C_ 57.21nS _EC21E

CEC23_ 57.21nS DECZ4E

DEC2_O 43.6_nS _5C27E

DEC296 5e. Tcn$ DEC30_
D5C326 54.91nS D5C33;

DEC35B 53._1nS DEC3_5

_EC3_B 57.10n_ DEC39_

OUT_18 4o.45nS OUT42B

OUT44B 45.70nS OUT45E

OUT_7B 4o.89n$

Tpzl_tse

Limzts:

TOUTA

¢OUTB
MMOUT

Pl

P4

P7

OEC2

DEC5

_EC8

DEC11

_EC14

para_s: Vcc = 4.75V, Vih

1.0_CnS m_nimum, 2C0.0_S

55.47nS _OUT_

55.26nS MKTOUT

55.37nS COUT

38.52nS P2

57.71nS P5

56.01n5 DECO

56.18nS _EC3

59.05nS DEC6

52.6_nS DEC9

52.78nS DEC12

55.51nS DEC15

= 3.0or, Vzl =

mEX%_U_,

56._cnS

56.6_nS

_C.3_nS

57.4cns

5@.71n_

4_.3Cn5

e3.4CnS

49.3_n5

54,27n_

54.61nS

51.51nS

51._en5

56.75n5

5_.3_n3

ci.21nS

55.23nS

_E.45nS

_.5CnS

4e.32nS

57.17n3

5g._nS
50.73nS

4£.0_nS

54.02n5

52.11nS

_.7EnS

57.1CNS

57.35nS

50.L_n$

5_.94n_

_.3_nS

53.74nS

49.4_nS

49.14nS

= 3.00V, Vil =

m_x1_u_.

55.2cnS

55.47nS
44.9_nS

52._6nS

_6._5nS

55.47nS

47.01nS

61.7_nS

47.79nS

53.00nS

53.17nS

C.OCV

TOUT_

PKOUT_

PO

F3

P@

OEC1

EEC4

CEC7

DECIO

CEC13

C5C1_
CEC1;

_EC22

_EC25

EEC2_

EEC31

CEC3&
CEC37

MOUT40
POUT43

MOUT46
CECIE

CEC4E
CEC7B

DECIOB

DEC13_

DEC16B

CECI_B

D5C2_S

CEC25B
CEC2_5

CEC31B
CEC34B

CEC37B

CUT4CB
CUT43_

CUT46_

O.OOV

TOUTE

MKOUTB
PO

P3

P6
CEC1

DEC6

CEC7

_ECIO

0EC13

CEC16

56.71nS

58.20nS

52.29nS

57.56nS

59.12n5

61.32nS

43.01nS

56.43nS

54.45nS

48.57nS

51.83nS

51.79nS

54.20nS

57.46nS
56.96nS

56.15nS

59.97nS
54.13nS

69.00nS

49.85nS

51.72nS

57.99nS

60.18nS

60.40nS

54.27nS

54.02nS

57.95nS
57.14nS
5q.48nS

59=09nS

56.36nS

56.75nS
52.78nS

54.02nS

49.78nS
48.64nS

51.01nS

55.09nS

57.00nS
51.16nS

56.32nS

57.81nS
59._6nS

46.66nS
55.16nS

53.21nS

47.09nS

50.70nS
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OECI?

OEC2G

8EC23

DEC2_
GEC29

DEC32

DEC35

D_C38

MOUT41

MOUT4_

MOUT47

_EC2B

CEC5B

CEC$8

_ECIIB

DEC14B

DEC17B

DEC20B

OEC23B

DEC2bB

GEC298

DEC32B

OEC35B

_EC366

OUT_IB

CU_44B

OUT47B

51.62nS DEC18
51.16nS DEC21

50.38nS DEC24

55.26nS DEC27

55.2bnS _EC30

50.98nS DEC33

52.89nS DEC36

55.23nS SEC39

_9.21nS MOUT42

_4.25nS MOUT45

48._0nS _CCB

59.12nS GEC3_

59.33n$ D_C68

53.42nS DEC9B

52.50nS DEC12_

54.87n5 DEC15B

56.32nS DECI_B

56.15nS DEC21B
5_.08nS DEC2_B

42.31nS DEC27_

55.55nS DEC30_

53.35nS DEC33B

52.47nS _EC36B

55.40nS DEC39E

45.00nS OUT42B

_4.36nS GUTGSB

47.72nS

Tpzl.tse parmws: Vcc = 5.00V, Vi_ =

Limits: 1.0CCnS mzn_mum, 2CO.OnS

TOUTA 54.02nS _OUTA

QOUT8 53.81nS MKTOUT

MMOUT 53.74nS COUT

P1 37.24nS P2
P4 56.50nS P5

P7 55.19nS DECC

OEC2 55.09nS DEC3

DEC5 58.20nS DEC6

G_C8 51.6_nS DEC9

DEC11 51.09n$ DEE12

GEC14 _4.13nS DEC15

_C17 50.4_nS DEC18

OEC_O 50.13nS _EC21

0EC23 49.42nS DEC24

GEC26 54.17nS DEC27

_EC29 54.02nS DEC30

GEC32 49.7bns DEC33

DEC35 51.69n$ BEC36

_EC38 53.67nS DECk9

MOUT41 67.97nS MOUT42

MOUT44 43.16nS MOUT45
MOUTh7 47._3nS DECOB

DEC2B 58.13nS DEC3B

DEC5B 5B._OnS D_C6B

DEC_B 52.1BNS DEC95

DEC11_ 51.55nS DEC125

DEC14B 53.53nS D_C15B

DEC17B 55.33n_ DECI_B

_EC20B 55.30nS DEC21B

OEC23B 55.23nS DEC2_B

50.38nS

50.55nS

55°47nS

58.09n5

59.62n$

53.67nS

57.07nS

45._2n$

_7.23nS

48.01nS

55.0_nS

58.63nS

49.10nS

_6.62nS

52.8_n5

50.87n$

55.65nS

55.97nS

55.9_n$

55.05nS

57.39nS

5&.73nS

52._0n5

51.19n$

48.25nS

47.72nS

3.0Or, Vii =

53.8_nS

54.3_nS

43.bgn$

51.02nS

55.16nS

54.3_nS

46.06nS

60.43nS

46.59nS

51.O3nS

52.08nS

49.46n5

&9.69nS

54.45nS

57.07nS
58.2CNS

52.25nS

56.01nS

44.25nS

46.2GNS

46.94nS
5_.45nS

57.o7nS

_7.62nS
65._2nS

51.79nS

_9.81n$

54.77nS
55.1_nS

54.70nS

CEClg

_EC22

CEC25

CEC28

DEC31

CEC34

CEC37

_OUT40

MOUT43

POUT46

CECI_

_EC4B

CEC7e

CECIOB

CEC13B

_ECI6B

_EC19B

DEC22B

CEC25B

CEC2_B
DEC31B

_EC36B

_EC37B
CUT48B

OUT43B

OUT46B

O.CCv

TOUT8

MKOUTB
PO

P3
P6
CEC1
CEC4
_EC7
OECIO

CEC13
DEC16

_EC19
_EC22

CEC25

DEC2_
CEC31

DEC34

DEC37
MOUT40
MOUTh3

MOUT46
BECIE

DEC4_

DECTB
DECIOB
_EC13B

D_C16B
DEC19B

OEC22B

DEC25B

50.6SNS
52.68nS
55.97nS

55.72nS
54.84nS
58.63n$

52.68nS

47.69nS
48.6BNS

50.1_nS

56.54nS

5B.91nS

59.19nS

52.96nS

52.93nS

56.68nS

56.01nS

58.09nS

57.7_nS

55.19nS

55.47nS
51.37nS

52.57nS

68.25nS
47.40nS

49.35nS

53.70nS

56.01nS

50.24nS

55.26nS
56.61nS

58.63nS

45.53nS

54.06nS

52.22nS

65.99nS

69.7_nS
69.70nS

51.44nS

54.77nS

54.70nS

53.81nS

57.56nS

51.51nS

66.66nS
67.65nS

68.75nS
55.30nS

57.88nS

58.06nS
51.93nS

51.76nS

55.62nS

55.16nS
56.78nS

56.57nS
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OEC20_

_EC29B

DEC32B

OEC35B

DEC38_

OUT41b

0UT448

OUT_TB

lpzltse
Limits:

TOUTA

_OUTB

MMOUT

P1

P4

P7

DEC2

CEC5

_EC8

OECll
0EC14

GEC17
DEC2O

CECZ3
CEC26

DEC29

DEC3_

CEC35

_EC38
MOUT41
MGUT44

POUT47

_EC2B

_ECSB

_ZCb_
0_Cl1=

0EC176

C_CZG_

DEC23_

C£C2¢6

;EC29_

_EC32_
GEC35_

OEC3oo
OUT_I_
OUT44_

OUT_7_

41.26nS DECZ72 54.02nS

54.4Sn_ DEC30B 55.97nS

52.01nS DEC33B 53.35nS

51.33nS OEC3_B 51.16nS

53.7onS OEC_9_ 50.0¢nS

G3.7onS OUT_ 47.23nS

43.33nS 3UT45_ 46.77nS

par_5:

1.0CCnS

52

52

52

36

Vcc : 5.25V, ViF = 3.OOV, Vil :

minzmum, 2CC.OrS m3xzmum.

.66nS _OLTA 52.b4nS

.b_nS MKTOUT 53.b3n$

.47nS COUT _2.77nS

.22nS P2 50.6¢nS

55.51nS P5 _&.41nS

_4.41nS GEC_ 53.32nS

54.0_nS DEC3 45.00n3

57.07nS DEC6 5Q.I_nS

_O._nS DEC9 45.49nS
5C.BOnS OEC12 51.01nS

53.00nS DEC15 51.19nS

Go.S3nS DEC15 48.64nS

49._5nS DEC21 48.75nS

_c.50nS _ECZ4 53.46nS

53.17nS DECk7 E6.04nS

53.2_nS DEC3_ 57.07n$
_6._2nS _EC35 _1.05nS

5O.b3n_ DEC3¢ 5_._1nS

52.43n$ _ECb_ _3.19nS
47.01nS MObT42 _5.32nS

42.2_nS MOUT45 _O.OcnS

40.91nS DECC_ 53.35nS

57.1_nS uEC3_ 5_.b4n=

57.2_nS D_C65 Wc.45nS

51.10nS %:C_5 _G.3_nS

bG._nS DECIZ@ 50.91nS

_2.32nS DEC156 _8._2n$

5_.4_nS DECI_E 53.92nS

5&.46mS DEC216 _4.31nS
5_.GInS _C2_6 53.o7n$

&O.39n& GEC2?B 53.03nS

53.46nS DEC305 5_._:nS
50,77n5 0_C33_ 52.15nS

50.31nS DEC3¢6 50._n3

52.47nS CEC39_ AO.lOnS
42.70nS OUT4_@ 46.24nS
a2.31nS OUT45_ 65.81nS

_5.7_nS

• lpzl_tse params:

Lsm_ts: 1.GCCnS

TOUTA 51

_OUT_ 51
MMOUT 51

P1 35
P_ 54

P7 53
_EC2 53

"DEC5 56

Vcc : 5.50V, Vi_ = 3.00V, V_l :

minimum, _OC.OrS m_xlmum.

._nS _OUT_ 51.72n_

.02mS MKTOUT 52.78nS

.37nS COUT 41._In3

.33n3 P2 49.7CNS

.5vnS P5 53.63nS

.67nS _ECO 52.67nS

.07nS DEC3 4_.IBnS

.60nS DEC6 58.2GNS

OECZEB

CEC318

CEC34B

0EC378

OUT_OB

OUTA3B

0UT468

C .OCV

TOUTB

MKOUTe

PO

P3

P6
CECI

_C6

_EC7

CECIO

OEC13

CEC16

OEClg

_EC22

_C25

0EC28

_EC31
_EC34

_EC37
_OUT&O
MOUT43
MOUT46
OECIB

OEC4B
CEC7B

CECICB

DEC13B
CEC16_

CEC19S

CEC22B
CEC25B

CEC2_B

CEC31B

CEC3Ae

CEC37B

CUT40B
CUT43B

OUT_6B

O.OGV

TOUTE

MKOUTB
PO

P3
P6

GEC1
OEC_

tEE7

54.09nS

54.48nS

50.20nS

51.40nS

47.01nS

46.38nS

48.01n5

52.47nS

55.19nS

49.46nS

54.65n5

5S.SlnS

57.49nS

46.68nS

52.9_nS
51,26nS

45.OOnS
48.86nS
68.86nS

50.41nS

53.70nS

53.67nS
52.89nS

56.43nS

50.45nS

_5.78nS
46.66nS
67.62nS

54.20nS

56.82nS

57.I0n$

50.98nS

50.91nS

54,66nS
54.38nS

55.72nS

55.58_S

53.17n$

53.39nS

49.17nS

50.31nS

_6.06nS
45.46nS

46.87n$

51 .47nS

54.26nS
48.75nS

53.78nS
54.59nS

56.64nS
63.79nS

52.01nS
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CEC8

DEC11

DEC14

DEC17

8EC2C

0EC23

DEC26
ZEC?_

DEC32

_C35

CEC3_

MOUT41

MOUTh4
_OUT_7

8EC2E

OEC5a

DEC_
JEC11_
DEC14_

_EC17B

DEC20B

8EC_3B

CEC268
DEC29E

CEC32B

GEC35E

DEC38_

OUT41_

OUT4_3

OUT47_

49.85nS

50.02nS

52.04nS

48.71nS

4_.61n_

47.90nS

52.25nS

52.5GNS

G7.97nS

_9.7_n5

51.35n_

_c.2Un_

_I .35nS

5_.2_nS

5b.@4nS

_0.3CnS

_.55nS

51.33nS

53.01n3

53.7_nS

53.74n5

39.54n_

52.61nS

49._5nS

_9._2nS

51.4_nS

G1 .B_nS

GI .49nS

_5.0OnS

DEC9

DEC12

DEC15

DEC18

DEC21

DEC24

3EC27

3EC30

0EC33

DEC36

_C39

MOLTG2

_OUT_5
DECC_

DEC3_

DECcE

DECg_

3EC123

_ECIS_

DECIE@

O_CZIB

DEC24B

CEC27_

D_C30B

0EC33@

0_C398

OUT_ZB
OUT45_

44.64nS

50.2_nS

50.41nS

47. oOnS

4_.01nS

52.57nS

55.2_nS

c.b°11nS

50.2CNS

5-_.06n$

q2.2_,nS

_,_,.5_,nS

45.2._nS

52.5CNS

55.7_n5

45.4Zn5

43.62n5

5J.O_nS

47. _7n3
53.___n_

_3.03nS

:,,_ .73n$
52.11nS
53.81nS

51.2enS

49.17nS

_,_.11nS

45._6nS

4_.9:nS

CECIO

DEC13

OECI_

_EC19

DEC22

CEC25

OEC2E

CEC31

_EC34

BEC37
uOUT40

_OUT43

_OUT46
_ECIE

CEC_

OEC7E
DEC1CE

[EC13B
_EC16B

CEC19B

CEC22_

CEC25_

CEC2_B
EEC31@

CEC34B

_EC37B
CUT&C@
CUT43B

OUT4_B

50.41nS

64.25nS

68.15nS

48.25nS

49.53nS

52.78nS

52.75nS

52.01nS

55.4_nS

49.60nS

44.96nS

45.99nS

G6.73nS

53.39nS

55.97nS

56.22nS

50.24nS

50.06nS

53.99nS
53.70nS

54.91nS

54.80nS

52.22nS

52.54nS

48.29nS

49.&2nS

45.10nS

44.68nS
45.92nS
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JPL Beta-12 A1280 FPGA

22-JUN-1992 13:2C:06.19

Source file: Bete12.C:H44

Post 500 hrs

Oatecoae: 9143

Tpzh_tse params: Vcc

Limits: 1.0GCnS minimum,

TOUT_ _5.00nS

QOUTB 65.GOnS
MMOUT b3.EbnS

P1 _7.90n5

P4 67.23nS

P7 71.69nS

CEC2 72.57nS

OEC5 7_.87n$

BEC_ oE.57nS
DEC11 eS.?5nS

DEC14 ob.77n_
_EC17 OC,_4nS

CEC20 67.55nS

_ECE3 _7.12nS
DEC2b 71.44nS

0EC@9 7Z.11nS

CEC32 c8.43nS
BEC35 _.75nS

DEC38 06.56n_

MOUT41 _4.06nS

MOUT44 60.3on_

MOUT47 65,OOnS

CECEB 75,10nS
DEC58 75.55nS

DECSB o8.93nS
OECllB b8.29nS

DEC146 66.00nS

CEC17B 70.91nS

DEC206 71.1ONS

_EC236 71.23n$

CEC2O8 56.ZTnS

DEC29B 71._InS

DEC328 OS._n$

_EC35B o9.10nS

DEC3_B bb.5bnS

OUT_I5 oi,17nS

OUT44_ _O.BgnS

OUTW7B e4.B9nS

Tpzh tse params: Vcc
Limits: 1.00CnS mini
TOUTA bZ.73nS

_OUTB o2.73nS
MMOUT 61.81nS

P1 42.BOnS

P4 O5.GCnS

P7 66.75nS
GEC2 o9.14n$

DEC5 71.83nS

DEC8 b5.67nS

DEC11 66,10n5

DEC14 b4.22nS
DEC17 64.15nS

" DEC2C b4.61nS

= 4.50V, Vih = 3.0OV, Vil =

2CC.O_S m_xzmum.
QOUTA

MKTOUT
COUT

P2

P5

_ECC

CEC3

3ECe

DEC9
DEC12

DEClS

DEC18
DEC21

DEC24
DEC2?
DEC3O

DEC33

DECS_

DEC39

MOUT42

MOUT45

DECOB

DEC3_

OEC¢_
DECg_

DEC12B

DEC156

DECI_E

DEC21E

DEC2&_
OEC2?B

5EC30B

DEC338

OEC3_6

DE£39_

OUT4_

OUT45E

= _.75V, Vi_

mum, 20C.OrS

QOUTA

MKTOUT
COUT

P2
P5
OECO

OEC3

• OECo

DEC9

DEC12

DEC15

DEC18

DEC21

65.OCnS

71.79nS
o3.02nS

b2.27nS

71._InS

71.76nS

_3.5_nS

72.0_nS

c4.SOnS
_9.07nS

tg.25nS

_b.52nS
66.9_nS

71.76nS
73.qSnS

70.20nS

O_.93nS

73.39n$

63.26nS

_3,_cnS

c4,61nS

71.41nS

74.52n$
O0.8onS
e2.77nS

05.75nS

67.51nS

71.5_nS

71.37nS
71.51nS

72.1bnS

05. SOnS

71 .72n S
eS,olnS

bS,b_nS

64,2_n5

c4.01nS

= 3.00V, V/l =

m_ximum.
e2.73nS

68.6ENS

59.02nS

60.25nS

08.68nS

6_.68nS

_0.68nS

09.25nS

ol.32n3

66.27nS

66.27nS
63.65nS

_4,22nS

Tem_:
Page:

O.OCV

TOUTfi

_KOUT_

po
p3
P6

_ECI

CEC4

DEC7

OECIO

_EC13

£EC16

CEC19

CEC22
_EC25

EEC28

CEC31

DEC34

CEC37
_OUT40

MOUT4_

_OUT46
_ClS

c_c4e
C_CTB

CECICB

CEC13B
DEC16B

_EC19_

C_C22B
CEC25B

_EC2EB

CEC31B

C_C34B

_EC_TB

OUT4CB

CUT_3B

OUT46B

O.OOv

TOUTB

FKOUTe
PO
P3
P6
CEC1

_EC4

DEC7
OECIO
_EC13

DEC16
CEC19

0EC22

zS
3

SeP #: 3

66,06nS
72.93nS
67.30nS
71.72nS

67.90nS
7&.59nS
63.2bnS

71.41nS

6o. 56nS

63,72nS

67.19nS

bT.33nS
63.97nS
71,65nS
72.25nS

72.25nS

75.1 9nS

68.64nS

64.61nS
6_,82nS

61,71nS

72,68nS

7&.B7nS
74.84nS

69.49nS
68.64nS
70.9_nS

71.62nS

09.00nS
72.71nS
77.11nS

72,79nS

63.04nS

68._9nS

6_.15nS

63.58nS

60.45nS

63.51nS

69.95nS
64 • 57n S
68.71nS
65.67nS

71.69nS

60.32nS

68._9nS

66.52nS

60.71nS

6/,. 36nS

64.54nS

61.71nS
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BEE23 04.C8nS DEC24

DEC26 6_.Z6nS DEC27

GEE29 08._8nS DEC30

CEC32 05.32nS DEC33

DEC35 06.59n_ DEC36

BEC38 63.79nS DEC39

MOUT41 61.53nS NOUT42

MOUT4G 57.0GnS MOET45

MOUT47 _Z.13nS DECOE

8EC2B 72.25nS DEC3_

DECSB 72.33nS _EC6B

DEC6B Oc.lOnS DEC9_

DEC11B 65.53nS _EC125

DECIGB o3.55nS OECI5E

DEC17_ 0_.29nS D_C18B
DEC2Ga _E.5_nS DEC21S

OEC23B 0_.57nS DEC246

CEC208 55.35nS DEC275

DEC29B o_.43nS DEC30B

_EC32B 6o.O_nS BEC338

DEC356 06.02nS DEC3_B

DEC38B e3.86nS DEC3_8

OUTqIB 5_.17nS 8UT42B

OUT4_E 57.92nS OUT45B
OUT_78 61.eOnS

Tpzh_tse para_s: Vcc = 5.00V, Vih =

L£m_ts: 1.00CnS minimum, 2CC.OnS

TOUTA o0.47nS QOUT_
_OUTB bO.47nS MKTOUT

MMOUT 59.bgn_ COUT

Pl 39._6nS P2

P4 o2.34nS 95

P? 66.5bnS DECO

CEC2 60.84nS DEC_

GEC5 69.49nS DECt

CEC8 oS.3On$ DEC9

CECIl 63.7_nS DEC12

CEC14 _1.95nS DEC15

GEC17 o2.0onS DEC18

EEC_C _2._5nS DEC21
CEC23 ol._cnS DEC24

EEC2_ 05.7_nS DEC27

_C29 o¢.17nS DEC30
DEC32 _2.o3nS 0EC33

DEC35 _4.16nS DEC36

DEC38 61.39nS DEC39

MOUT41 59.19nS MOUT42

MOUT44 55.47nS MOUT45

MOUTG7 o0.15nS OECC_
DEC2B 69.60nS DEC36

OEC5B 69.71nS DEC66

DECSB 03.79nS _EC9_

DEC11B 63.1¢nS DEC12E

DECI_B 61.17nS DECI5B

DEC17B 6b.13nS DEC18_
0EC206 6_.41nS DEC21B

DEC238 66.41nS DEC248

DEC266 53.00n$ DEC27E
_EC_96 65.85nS DEC30B

DEC32B 63._8nS DEC33B

68.75nS

71.12n3

o7.69nS

eS.92nS

70.27nS

59.3CNS

bl.b_nS

eS._CnS

71.55nS

5_.27nS

59.79nS

eS.81nS

6_.33nS

eS.b_nS
_8.5_nS

_8.o_nS

69.14nS

e5.S5nS

_8.29nS

05.53nS

e5.53nS

_1.56nS

¢I.00nS

3.0or, Vii =
m_xsmumo

eO.47nS
e_.2_nS

56.93nS

$8.52nS

Ob.45nS

c5.92nS

58.41nS

_5.95nS

58.95nS
_3.36nS
o4.01nS

bl .49nS

61.99nS

e6.2CnS

o8.71nS

eS.32nS
e3.45nS

_7.7_nS
56.71nS

58.77nS
59.23nS

_5.71nS
69.21nS

56.04nS

57.67n5
03.40nS

61.85nS

e6.59nS

66.34nS

_6.06nS

06._Cn$

_3.40nS

65._nS

DEC25 68.71nS
_EC28 69.25nS

CEC31 69.14nS

_EC34 72.01nS

C_C37 65.7_nS

POUT40 61.32nS

POUT43 62.02nS

MOUTh6 59.05nS

CECIE 69._9nS

CEC4E 71.94nS

_ECT_ 71.87nS

CECIC_ E6.8OnS

_EC13B 65.74nS

BECIEB 6_.40nS

_EC19B 68._9nS

EEC2_B 66.52nS

CEC25B 69.99nS

CEC2_ 68.6_nS

_EC31B 69.49nS

CEC34B b5.0OnS

CEC3?S 65.32nS

OUT4CB 61.1&nS
CUT43B 60.78nS

CUT4eB 57.92nS

O.OOv

TOUTe
MKOUTB

pO

P6
OEC1

CEC_
OEC7

_ECIO

DEC13

CEC16

_ECI_

CEC22

CEC25

CEC28

DEC31
0EC34

_EC3?
MOUT40

MOUT43
MOUT46

£EC1_

_EC4E
CEC7e
CECIOB

OEC13B

_EC16B

CEC19B

DEC22B

CEC25B

CEC2EB
CEC31B
CEC34B

61.17nS
67.58nS

62.3_nS

66.56nS
62.70nS
69.14nS
58.20nS

65.7_nS

6_.29nS

58._8nS

62.09nS

62.34nS

59.72nS

66.31nS

66.87nS

66.66nS
69.49nS

63.19nS

58.98nS

59.69nS

57.00nS

67.16nS

69.53nS

69.53nS

64.50nS

63.48nS
66.31nS

66.70nS

64.33nS

67.69nS

66.13nS
67.16nS
62.70nS
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BEC358

EEC3bB

OUT41@
OUT4&B

_ OUI47B

Tpzh_tse
Lzm£ts:
TOUTA

F.OUTB
MMOUT

PI

P4

P?

E,EC2

_EC5

CEC8

DEC11

F_EC14
=EC17
_EC2G

• EEC23

DEC2O

DEC29

DEC32

DEC35

DEC38
MOUT41

MOUT4G

MOUT47

_EC26

DEC5B

- [;EC6B
OECIIB

_EC14_

DEC17B

CEC2C5

CEC23B
CEC26B

P..EC29B

CEC32_
O_C35a

CEC38B

CUT41B

C,UT _f_

0UT678

Tpzh tse
L£m£_s:
TOUT_

¢OUTB
MMOUT

-Pl

P4

P7

0,:C2

DEC5

OECd

GEC11

DEC14

DEC17
CEC_C

63.55nS

61.32nS

56.01n5

55.72nS

59.23nS

parBms: Vcc =
1.00CnS minzmum,

55.17n_

5S.(]onS

5_._3nS

3_.23n3

59.C5nS

c4.6onS

o4.5_nS

¢o.9onS

ol .17nS

bl .oOnS

59.bSnS

bO.11nS

c0.54nS
_O.OenS

o3.5_nS

_4.O_nS

00.47n3

62.0ons

59.23nS
56.93nS

53.56nS

5_.27nS

_6.ETnS

67.20nS

61 .b3nS
61 .O3nS

5_.34nS

04.04nS

b4.15nS

c4.43n, _

5C.obnS

b3./,¢nS

ol .32n5
¢1.32nS

5S .5_nS
53.99nS

53._InS

57.35nS

params: Vcc =

1.OOCnS mznimum,

54.2_nS

5_.41nS

53.00nS

36.93nS

57._4nS

62.63nS

61.60nS

b2.38nS

59.09nS

58.94nS

55.7_nS

58.48nS

5b. ETnS

DEC35B 63.02nS _C37B

_EC398 _3.09nS OUT60B

OUT4ZE 59.19nS CUT4]B

OUT45_ 5S.73nS OUT46B

5.25V, V_F : 3.COV, Vzl :
2OC.OnS m_xzmum.

QOUTA 57.35nS

MKTOUT 63.96nS

COUT 54.o_nS

P2 57.0CNS

P5 O_.4CnS

OECC E3.6EnS
3EC3 50.4Cn3

DEC6 b1.85nS

DEC9 57.17nS

3ECIZ _1.7_S

DEC15 o2.0EnS

DEC18 59.5_nS
DEC21 cO.11nS

_EC24 e3.79nS

DEC27 66.60nS

DECSO C1.00nS

DEC33 _1.32nS

OEC3b bS.78nS

DECk9 5&.87nS

MOUT42 56.6ENS

MOUT45 57.24nS

DECC5 e3.51nS

DEC3_ oo. BTnS
DECb5 _9.7_nS
DEC9_ 55.76nS

OEC12_ _1.39n$

OEC15_ 59.79nS

OECI_5 c_.61nS

DEC21B _4.5_nS

DEC_4_ _3.83nS

DEC27_ o4.57nS
DEC30B bO.7bnS

DEC33B e3.7enS
DEC30_ c0._9n$

DEC3_6 _1.03nS

OUT42_ 57.07nS

OUT_5_ _6.ocnS

5.50V, VCP = 3.00V, Vii =

ZGO.O_S m_xzmum.

GOUTA 54.52nS

MKTOUT _1.21nS
COUT 53.28nS

P2 51.93nS

P5 b1.78nS

DECO 61.60nS

DEC_ 50.13nS

DEC6 63,18nS
D_C9 55.47n$

DECIZ 5q.51nS

DEC15 60.11nS

DEC18 58.0onS

DEC21 58.48nS

O.OOv

TOUTB

MKOUTB

po

p3
p6

_ECI

CEC_

DEC7

CECIO

CEC13

DECI_

_EC19
CEC22

CECZ5
CEC2_
_EC31

CEC34
CEC37

MOUT&O
MOUT43
POUT46
CECI_

CEC_E

_ECTE
DECIOB
CEC13S

OEClEB

_EC19B

_EC22B
CEC25B

CEC2_
DEC31_

_EC34B

_EC37B

CUT60B

OUT43B

OUT&6_

0.00V

TOUTB

MKOUTB
PO

P3

P6
CECl

DEC4
DEC7
EEClC

CEC13

CEC16

OEC19

DEC22

62.91nS
58.96nS

58.55nS
55.86nS

58.66nS
65.46nS
60.&7nS

64,61n5
59.94nS

66.87nS
56.25nS

63.48nS

62.34nS

56.78nS
60.32nS
O0._3nS
57.92nS

63.94nS
64.89nS
66.57nS

67.26nS
61.10n5

57.07nS
57.63nS
52.01nS

64.89nS

67,2_nS

67,26nS
62.27nS
61.&6nS

64.15nS

04.40nS

60._6nS
65.39nS

63.96nS
65.17nS

60.57nS
60.68nS

57.07nS
$6.61nS
5_.02nS

56.84nS

61.60nS

58.91nS

62.13nS
57.67nS

62.63nS

69.42nS
61.16nS
60.08nS

50.36nS

58.52nS

58.77nS

52.43nS
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GEC23

DEC26
BEC29

GEC32

_EC35

0EC38

MOUT41

MOUT44

MOUTh7

OEC2B

DECSB

CEC8B

CEC11_

OECI_B

DEC17B
CEC208

DEC23B

DEC26B

DEC29B

OEC3_

0EC358

6EC3_8

OUT41B

CU1446

OUT_76

Cevice PASSED

58.41nS

61.60n5

62.31nS

58.55nS

60.08nS

54.38nS

53.88nS

_6.94n_

50.40nS

62.45nS

@3.G4nS

bg.33n$

5_.55nS

55.1ens

60.93n5
@l.@Cn_

¢1.oOnS

44.76n_

oi.21nS

)9.19nS
58.9EnS

b4.3_nS

51._Tn$

)1.93n5

5W._7n5

all tes "iS,

DEC24

DEC27
DEC30

DEC33
DEC36

DEC39

MOUT4

MOUT4

2ECOE

DEC3_

DEC@6

3EC96

DECIZ

DEC15

OECI_
DEC21

2ZC24

5_C27
D_C30

D_C3_

DEC3:

2EC3_

UUT&i
_U145

Cl.6CnS

62.34nS
58.87nS

58.24nS

b2.34nS

53.2_nS

54.13_S

53.1Cn5

61._CnS

e2.31_S

_7._enS
49.1_nS

59.33nS

_1.60n3
Cl.oCnS

el.3CnS

cl.63n_

el.71nS

59.05nS

_3.OTnS

DEC25

_EC28
CEC31

CEC34
0EC37

POUT40

POUT43

MOUT46

CEC1@

CEC4B

CEC7_

OEClCe

CEC13B

CECI_B
CEC19B
CEC22B
CEC25B

CEC2_

CEC31B

_EC34_
CEC37B

CU_ 4CB

CUT43_
CUT&6_

60.54nS

62.31nS
62.63n5

62.91nS

5B.91nS
54.45nS

55.26nS

50.02nS

62.06nS

62.59nS

63.40nS

59.69nS

59.12nS

60.93nS

61.03nS
5B.48nS
61.35nS

62.17nS

63.02nS

58.38n5

56.68nS

53.10nS

52.5_nS

48.39n5

217



JPL Beta-12

22-JUN-1992

Source file:

Post 500 hrs

A128C FPGA Temp:

12:47:15._0 Catecode: 9143 Page:

_etE12.C:H44

TpIhck

L_mZts:

QO

Q3

C2B

_OUTA

MKTOUT
COUT

P2

P5

DECO

DEC3
DEC6

DEC9

GEC12

DEC15

CEC18

DEC21

DEC24
DEC27

DEC30

DEC33

_EC36
_EC39

MOUT42

MOUT45

OECOB

DEC3fi

OEC6B

DEC9B

DEC12B

2EC15B

&ECI_8
QECZ1d

_EC248
DEC278

DEC308

CEC336
_EC308

DEC39B

OUT42B

OUT45B

param$: Vcc = 4.5CV, Vih = 3.00V, Vil= O.OOV

1.00CnS mznzmum, 2CC.O_S maximum.

31.20nS _I 35.74nS =2

36.52nS _O_ 33.93nS _IB
34.65n5 _3B 33.3_nS TOUTA

17.40nS TOUTB 2B.95nS {OUTE

21.6_nS MKCUTB 21.o3nS MMOUT

70.19nS PO 65.B9nS Pl

93.S5nS P3 107.7nS P4

133.2nS P6 142.9nS P7

D3.A2nS DEC1 65.5CNS £EC2

b4.5onS DEC4 69.3QnS EEC5
59.61nS DEC7 61.53nS CEC8

54.97nS DEC10 O0.OCnS _EC11

_3.gbnS 0EC13 56.0_nS DEC14
54.47nS DEC16 _0.31nS DEC17

59.84nS DEC19 60.80nS CEC20

60.ObnS DEC22 55.O_nS DEC23

66.17nS DEC25 68.$7nS CEC26
_9.34nS DEC28 _9.34nS DEC29

6b.5_n_ DEC31 70.94nS CEC32
bS.25nS DEC3w 77.38nS CEC35

69.8_nS DEC37 74.91nS DEC38

09.34nS MOUT40 ff6.32nS MOUTAI

81.6_nS MOUT43 79.5ENS MOUT44

76.13nS MOUT46 79.87nS MOUT47
59.01nS DECIB 61.61n$ EEC2B

58.86nS DEC4B 58.54nS DECSB

61.45nS DEC?B 60.85nS £EC8_

52.22nS _ECIOB 53.9ENS _EC11B
50.40nS DEC13B 51.BSnS CEC14B

60.70nS DEC16g _0.21nS EEC17B

5_.54nS OEC19B 58.83nS _EC2CB

5_.5_nS DEC22B _8.6CnS _EC23B

_1.32nS OEC25B 53.07nS EEC26B
54.73nS DEC2B8 _1.61nS _EC29B

52.99n$ DEC31B 50.34nS CEC32B

59.95nS DEC3_E 5S.2_nS _EC35B
58.83nS DEC37B 57.92nS _EC3BB

60.TBnS OUT_OB BJ.72nS OUT41B

74.60nS OUT43B 77.17nS OUT44B
75.72nS OUT46B 70.58nS 0UT478

Tplhck

Limits:

QO

Q3

Q2B

QOUTA

MKTOUT

COUT

P2

P5

OECO

OEC3

param$: Vcc = 4.75V, Vih = 3.CCV, Vil= O.OOV

1.00CnS minimum, 200.0_S maximum.

29.73nS _1 34.21nS Q2

3_.39nS QOB 32.53nS _IB

33.23nS Q3B 31.72nS TOUTA

16.44nS TOUTB 27.73nS OOUTB

20.72nS MKOUTB 20.70nS MMOUT

67.42nS PO 63.60nS Pl
90.o8nS P3 104.0nS P&

128.7nS P6 137.2nS P7

61.19nS DEC1 63.27nS DEC2

62.4bns DEC4 66.98nS DEC5

25 Set #: 3

33.02nS

36.94nS

30.22nS

17.33nS

70.37nS

84.15nS

107.9n5

131.4nS

60.10nS

63.97nS

53.85nS

53.31nS

58.83nS
61.01nS
58.70nS
59.95nS

62.15nS
62.41nS

71.67nS
69.67nS
69.65nS
87.65nS

74.06nS
74.91nS
61.68nS

58.57nS
50.97nS
54.89nS

51.57nS
58.29nS

56.3/,nS

55.77nS

52.81nS

58.73nS

5S.47nS

58.86nS
SS.20nS

66.59nS

79.87nS
75.74nS

32.01nS

35.35nS

28.95nS
16.39nS
67.57nS

81.45nS
104.1nS

126.9nS

57.84nS

61.89nS
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OEC6 57.48nS DEC7 59.53nS CEC8

DEC9 53.72nS 0EC10 57.84nS CECIl

DEC12 52.19nS D_C13 54.01nS _EC14

DEC15 52.06nS DECI¢ 5_.29nS CEC17

DEC18 57.9GnS 0EC19 5_.78n5 CEC20
0EC21 5_.OOnS DEC22 54.0_nS CEC23

DEC24 _.04nS _C25 66.7_nS _EC26
DEC27 67.4_n$ E_C2E C7.13nS CEC29

DEC3C _4.25nS CEC_I e_.51nS CEC32

BEC33 oO.07nS DECZ4 75.0_n5 CEC35
DEC30 b7.42nS _EC_7 72.7_nS CEC3E

DEC39 bo.95nS _OLT_O _3.16nS MOUT41

MOUT42 79.C_nS MOOT43 77.07nS MOUT44

MOUT45 73.56n5 MOUT4b 77.2Zn$ flOUT47
_ECOE 56. 78n _. DECI=_ ,_o. 66n$ CEC_B,

CEC38 57.Clns DEC48 56.0CnS CEC5E

DECb8 5_.91n5 D_CT_ 5_._OnS CECSB

0EC96 50.37nS DECIOB 52.1_nS BEC11B

BEC12B _8._5nS DEC13E _o. SEnS CEC14B

CEC158 58.52nS DECIoB 5_.13n5 _EC17B

DEC18B 56.91nS DEC1;B 57.17nS £EC2GB

DEC215 5_.55nS DEC225 56.4&nS _EC23_

0EC245 59.1_nS C_C25E 51.13n$ CEC2E_

_EC276 52.6_nS D_C2_ _9.3_nS _EC298

BEC30_ 51.G5nS DEC_I_ E4.2_nS _EC326

DEC33_ 57.59nS DEC3_5 56.3_nS CEC35_

_EC306 50.63nS 5EC37_ 55._2nS EEC3_

OEC3_ 5_.44nS 0U140_ 78.3_n$ OUT61_

OUT42_ 71.70nS CUT43E 74.45nS CUT44@

GUT_5@ 73.23nS OUT4o6 ¢_.25nS OUT47B

Tplhck par_ms: Vcc = 5.0CV, V_h = 3.GCV, Vzl = O.00V

L_mzts: 1.0CCnS mznzmum, 2CG.O_S max£mum.

_0 _.5_nS _1 33.07nS _2

_3 33.05nS 00_ 31.49nS :IB

_28 32.4ZNS _3E 30.37mS TOUT_

:OUT: 15.52nS TOUT_ Z6.64nS :OUTe

MKTOUT 19.64n_ MKCUT_ 19.76nS MMOUT

COUT 65.16n5 PO _1.63nS Pl

P2 81.O4nS P3 I01._n3 P4

P5 124.onS F6 133.5nS P7

OECO 59.25nS DEC1 c1.45n_ CEC2

DEC3 _O.o5nS OEC4 _5.06nS _EC5

DEC6 55.7_nS D_C7 57.77nS OEC_

DEC9 51.o_nS OECIG E6.0_nS EEC11

DEC12 50.53nS 3EC13 52.35nS _EC14

0EC15 50.37nS DEC16 56.52nS 0E617
DEC18 56.29nS DEC19 57.1_5 CEC20

0EC21 56.31nS DEC22 _2.0_n_ CEC23

DEC24 b2.31nS 0EC25 _4.q_nS _EC26

0EC27 05.55n$ DECZ8 _5.34nS CEC29

DEC30 62.40nS 0EC31 _6.59nS _EC32

0EC33 64.23nS DEC34 73.2GnS _EC35

_EC36 65.5bnS 9EC37 ?0.81nS CEC3E
_EC39 65.0GnS MOUT_O _OoTCnS MOUT41

MOUT42 76.96nS MOUT43 74._nS MOUT&6
MOUT45 71.2_nS MOUT46 75.04nS MOUT47

DECOB 55.04nS DECI_ 57.46nS OEC2E

DEC3B 54.99nS 0EC48 54.obnS _ECSE

OEC6B 56.94nS OECTB 56.76nS OEC_E

51.72nS
50.81nS
56.83nS
59.01nS

56.63nS
58.00nS

60.36nS
60.18nS

69.23nS

67.47nS
67.44nS

$4.77nS
71.57nS
71.93nS
59.35nS

56.16nS

49.10nS

52.48nS

&9.67nS

55.85nS

54.55nS

53=85nS

50.92nS

56.63nS

56.37nS

56.?0nS

53.31nS

63.89nS

77.22nS

72.94nS

30.g7nS

34.08nS
27.88nS

15.74nS
65.50nS
79.25nS

101.0nS

123.1nS

55.95nS

60.02nS

49.98nS

49.70nS

55.12nS

57.40nS
5&.97nS

56.3GnS

58.49nS

S8.SZnS
67.34nS

65.63nS
65.63nS
82.10nS

69.21nS
69.65nS

57.46nS
56.39nS

67.57nS
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DEC9B

CEC128

DEC158

_EC188

DEC21B

BEC2_B

GEC2?B

£EC3GB

_EC33B

B_C3o_

DEC39B
OUT_2B

OUT45B

Tplhck

Limits:

tO

C3

12B

GOUTA
MKTOUT

COUT

P2

PS

OECO

CEC3

£_C6

GEC9

_EC12

GEC15
EECI_

_EC21
DEC24

_EC27

CEC30

B_C33

CEC36

CEC39
POUT42

M_UT_5
E_CC_

_C3_

E_Cb_

_EC#6

3£C128

2EC15B
D_CI_8

_EC21_
GEC24B

8EC278

_kC3GB

BEC3S5
D_C36a

D_C3;S
GUT4ZB
OUT45_

Tplnck

Limzts:

4_.7_nS OECIC8 50.58nS CEC11B

47.05nS DEC13B 48.32nS _EC14e

56.83nS DEC16B 56.39nS £EC17B

54.97nS DEC19E E5.12nS _EC20_

54.91n$ DEC2ZB 54.B_nS EEC23e

57.30nS DEC2_ 49.4_nS SEC26B

51.C5n$ 8EC2EB 57.EgnS _EC_gB

49._1nS DEC318 52.5_nS CEC32B

56.34nS CEC34B 54.6_nS CEC35B

54.99nS OEC37B _4.08nS _EC3_

50.63nS OUT40E 76.2cnS CUT41B

69.2_nS GUT43_ ?2.0CnS CUT44B

7_._9n5 OUT40e _o.O_nS CUT47E

params: Vcc = 5.25V, Vih = 3.80V, Vii = O.0GV

I.COCnS minimum, 2C0.0_S m_ximum.

27.00nS 01 32.0_nS C2

31.96nS _OE 30.53nS CIB

31.1_n5 _3_ 29.3cnS TOUT_
15.20nS TOUT_ 25.73nS _OUTE
19.17n5 MKCUT_ lq.1&nS MMOU_

_3.27nS PO _0.1CnS Pl

_5._InS P3 9_.31nS P4

1ZI.SnS PO 130.2nS P7
5?.o_nS 3EC1 59.95nS CEC2

5_.09nS DEC4 _3.34nS EECS
5_.3_nS 2EC7 _.39nS _EC_

50.D3nS DECIO _4.6Cn$ _EC11

_.o7nS 0EC13 E1.07nS 0EC14

_8.82n$ DECIO 55.07nS _EC17

54.97nS D_C19 5_.82nS DEC20

5_.97nS 0EC22 51._1nS CEC23

o_._OnS 05C25 _3.27nS CEC26

o3.89n$ OEC2_ ¢3._In3 _EC29

CI.01n$ _EC31 o4.95nS _EC32

62.72nS _EC34 71.51nS _EC35

o_.16nS BEE37 cg._cnS ZEC3_

_3.34nS MOUT_O 7_.75n5 MOUT41
75._ZnS NOUT43 72.97nS MCUT4_

o_.3_nS M_CT_6 73.23nS MOUTh7

5_._enS OZCIB 55._CnS _EC2_

5Z.51nS _C4b 53.0_n5 OECSB

55.15nS DECT= 55.]Cn3 £ECBE

GT.3on3 DECIOS 49.36n5 CEC11e

_S.70nS CEC13_ 47.05nS £ECI4B

55.5_nS 9EClo5 54.99nS 9EC17_

53.72nS 0EC192 53.SEnS DEC2CB

53.51nS DEC226 53.4¢nS CEC23B
55.77nS 0EC255 4_.12nS CEC26B

_9.¢5n5 OEC28E 55.21nS EEC2§B

4_.09n5 3EC31B 51.13n5 CEC32B

5_.97nS _EC34_ 53.31nS CEC35B
53.7_n5 DEC37_ 52.63nS EECSeB

55.GgnS 0UT409 ?_.47nS CUT_IB

67.21nS 0UT436 o9.91n$ 0UT448

cg.ConS OUT_oB _3.94nS CUT4?B

params: Vcc = 5.5CV, V_h = 3.CCV, Vil= C.OOV

1.00CnS mznimum, 20G.OnS maximum.

26.79nS _1 31.2bn5 _2

50._InS

48.12nS

54.68nS

52.99nS

52.42nS

49.34nS

54.89nS

54.60nS

54.91nS

51._nS

o2.15nS

75.0_nS

70.45nS

29.91nS

33.15nS

27._3nS

15.12n$

63.73nS

77.22nS

98.18nS

119.8nS
5_.50nS

58.54nS
_8.48nS
4_.25nS

53.69nS
55.98nS

53.64nS

54.97nS

57.07nS

57.01nS
65._5nS

64.04nS
64.12nS

80.26nS

67.26nS

67.47nS

55.qOnS

52.84nS

49.88nS
46.90nS
53.31nS

51.6_nS

51.13nS

48.09nS

53.43nS

53.15nS

53.43n$

50.30nS

60._qnS
73.23nS
68.38nS

29.10nS
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_3

_28

QOUTA

MKTOUT

COUT

F2

P5

CECO

DEC3

DEC6

DEC9

DEC12

DEC15

_EC18

DEC21

_EC2_

OEC2?

DEC3C

_EC33

_EC3_

DEC39

MOUT42

MOUT45

_EC06

OEC3B

OEC6B

DECgE

GEC12B

_EC15B

CECI_B

GEC218

_EC24_

EEC2?B

DEC3GB

DEC336

CEC36B

CEC39_

CUT_2B

OUT45B

30.97nS

30.32nS

I_.73nS

18.68nS

61.bSnS

83._0nS

11_.7nS

56.39nS

57._2nS

52.9_nS

_8.bTnS

4_.01n_

_7.4gnS

53.77nS

53.77nS

59,bln$

62._5nS

59.74nS

_1.32nS

62.93nS

62.02nS

73.36n5

b7.94nS

52.22nS

52.19nS

53.67n$

4b.25nS

44.7ZNS

54.3ENS

52.19nS

52.29nS

54._7nS

48._3nS

46.87nS

53.72nS

52,48nS

53.$5nS

o5.57nS

67,42nS

QOB
_3E

TOU_B

MKOUTB

, PO

P3

P6

DECI

DEC4

DEC7

_ECIO

D_C13

OECI_

DEC19

DEC22

D_C25

DEC28

DEC31

DEC34

DEC37

MO_T40

MOUT43

MOUT46

DEC16

DEC48

DEC?B

_ECIOB

DEC13_

_EC16B

DEC198

DEC22_

DEC25B

DEC2_B

DEC31B

DEC34B

DEC37B

OUT408

OUT43_

OUT40B

29.73n$ ¢1B 32.29nS

28.51nS TOUTA 26.20n$

25.O_nS ¢OUTB 14.68nS

18,6CNS MMOUT 62.23_S

58.7EnS Pl 75.56nS

96.05nS P_ 95.90nS

1 2b, 9nS P7 117.0nS

55.62n5 _EC2 53.31nS

_I._7nS CEC5 57.17nS

_5.2_nS _ECB _7.26nS

53.3@nS CECIl 47,05nS

49._3nS _EC14 52.48nS

53.E_nS _EC17 5_.89nS

5_.6CnS CEC2O 52,48nS

50,3GnS EEC23 53.75nS

c2.02nS CEC26 55.85nS

02.46nS _EC29 55.69nS

_3.5_nS CEC32 64.25nS

70.19nS CEC35 62.77nS

_7,_6nS EEC3E 62.85nS

7o.9onS MOUT41 78.34nS

71,44nS MOUT44 65=76nS

71._7nS MOUT47 65,65nS

_4.65nS CEC2_ 54.58nS

51.64nS _EC5B 51,52nS

53.93n$ CECSE 45.24nS

48.0_nS DECIIB 48.32nS

45.94nS _EC14B 45.81nS

53,75nS EECI?B 51,?TnS

52.5CNS DEC2CB 50.53nS

52.22nS CEC23B 50.04nS

_6.92nS _EC26B 45.90nS

54.97nS _EC29B 52.06nS

_9.91nS CEC32B 51.98nS

51.77nS £EC35B 52.2_nS

51.S_nS CEC38B 49.18nS

72.q2nS OUT41B 59.12nS

08.25nS OUTA4B 71.70nS

_2.77n_ OUT4?B 66.61nS
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JPL Beta-12
22-JUN-1992
Source f_le:

Post 500 hrs

4125C FPGA

12:47:57.88

Seta12.C:H44

Temc:

Catecode: 9143 Page:

Tphlck params: Vcc = 4.5GV, Vih :

Limits: 1.00CnS minlmum, 2C0.0n$

QO 37.97nS QI

C3 40.85nS _OB

_2B _2._5nS _)B

QOUTA 24.55nS TOUT_

MKTOUT 28.ZTn$ MKOUT_

COUT 74.1ons PO

P2 97.74nS P3

P5 136.9n5 P6

DECO 69.10nS OEC1

DEC3 eg.65nS DECk

OEC6 68.74nS DEC7

DEC9 63.68nS DECIO

DEC12 ¢0._9nS DEC13
DEC15 60.52n$ DEC16
OECI8 o7.05nS DEC19

DEC21 65.42nS 0EC22

_EC24 b9.49nS DEC25

DEC27 77.07nS DEC2b
DEC30 73.15nS DEC_I

OEC33 77.53nS DEC34

0EC36 76.75nS DEC37

_EC39 74.99nS MOUT;O

MOUT42 B5.94nS MOUT43
MOUT45 78.75n$ MOUT46

OECOB 68.12nS _ECIB

DEC3_ 65.37nS QEC4B

DECOB bB.25nS DEC7_

OEC9B 59.66nS DECIOE

_EC12E 57.25nS DEC13_
_EC15B 70.43nS _ECI_B

_EC16_ o4.9ons DEC19_
_EC21_ e_.85nS DEC22B

_EC24B _7.05nS _EC_5B
DEC27B oO.06nS DEC_E_

DEC30B O0._OnS DEC31e
GEC33B 05._9nS 0EC34_

0EC368 ¢4._5nS DEC37B

DEC39B bB.17nS OUI?OB
OUT_28 75.74nS 0UT435

OUT45B 77.48n$ OUT4oB

params: Vcc =

1.0GCnS mini
36.63nS

39.53nS

41.79n$

2_.I?nS
27.57nS

7Z.OonS

94.91nS

133.0nS

67.26nS

6?.TBnS

4.75VTphlck

Limits:
QO

Q3
Q2B

QOUTA
MKTOUT

COUT

P2
P5
DECO

"DEC3

3.COY, Vil= O.OOV

m_ximum.

_l.01nS Q3

40.23nS _IB

38.39nS TOUT_
35.85nS _OUT_

2_.I_n$ PMOUT

67.13nS Pl
114.Bn$ P4

161._nS P7
73.36nS OEC2

74.86nS _EC5
C_.8?nS _EC_

60.12nS _EC11
_4.77nS _EC14

¢7.3_nS _EC17
C4.3CnS _EC20
e5.39nS DEC23

7_.OCnS CEC26

76.8_nS 0EC29
78.41nS _EC32

_3.05nS _EC35

80._5nS _EC35
57.75nS MOUT41

_1.53nS MOUT46

E5.39nS MOUT47

68.25nS DEC2B

o4._OnS DECSB
06.59nS _ECS_

60.93nS DEC11B

60.49n3 OEC14B
_5._2nS _EC17B

_5.5CnS CEC2CB

66.74nS _EC23B

_9.6_nS _EC2eB

_3.66nS OEC29B

5B.91nS _EC32B

C7.4_nS CEC35B

65.73nS _EC38B

79.5_nS CUT41B
77.3_nS OUT44B
77.09n5 OUT47B

• Vih = 3.COY, Vii = O.OOV

2C0.0_S maximum.

_1 39.95nS C2

GOB 3_,96nS CIB

Q3B 37.22nS TOUT_

TOUT5 34,_nS COUTE
MKOUT8 27.37nS MMOUT

PO 65,06nS P1

P_ 111.3nS P4

P6 136.4nS P7

DEC1 71.2_nS _EC2
DEC4 72.86nS CEC5

25

5

Set #: 3

38.83nS
62.BOnS
36.83nS
24.77nS

53.90nS
86.98nS
114,?nS

120.3n5

70.66nS

70.53nS

S?. 6_,nS
59.19nS
64.15nS

65.29nS
66.10nS
64.3?nS
68.25nS

71,41nS

76.16nS
76.05n5
77.61nS
92,06nS

78.61nS

76.96nS
65.47nS

66.87nS
54.26nS

62.70nS

5S.49nS
65,50nS

61 ._InS
63.24nS

61.40nS
66.98nS

64.41nS
66.63nS

63.19nS

72.53nS

78.00nS
78.21nS

37.86nS

41 .63nS

35.90nS

24.12nS
52.29nS

82,59nS

111.1nS

116,4nS

68.64nS

6B.51nS
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DECO 66.79nS DEC? _7.00nS DEC8

DEC9 b1.84n5 DEC10 64.2_nS DEC11

_C12 5_.70n5 DEC13 E2.88nS _EC14

DEC15 58.80nS D_C16 _5.7CnS CEC17

_EC18 65.47nS DEC19 63.19nS CEC20

0EC21 63.81nS 0EC22 63._1nS CEC23

CEC24 C7.49nS OECZ5 76.05nS OEC26

DEC27 75.17nS _EC2_ 74.SlnS CEC29

_EC3C 71.20nZ 8EC31 76.5Z_S CEC32

_C33 75.o4nS DEC34 60._5n5 CEC35

CEC36 7_._;nS _EC37 78.7GNS EEC3_

CEC39 73.1_n3 MOUT4C ES.39nS MOUT41

MOUTh2 e3.73nS MOUT43 79.0_nS _CUT44

MOUT45 7_.55nS MOUTh6 _2.QCnS POUT67
CECOB 6o.12nS BECIE _O.ZOnS CEC2_

C_C38 _3.42nS DEC4_ O2.Q5nS EECSB

BECob Ob.2cnS CEC75 C4.69nS _ECS_

2EC95 5_.O3nS DECIC_ 5¢.2ZNS CEC11B
GECIZ_ 55.77nS 0EC135 58.7CNS _ECI4B

CEC15b oD._Cn5 OECIoB 03.81nS CEC178

DECIb_ 03.3_nS DEC1;_ 63.81nS CEE20@

_EC21B 63.Cins DECZZB 65.03nS CEC238

Z_C24_ _5.19nS DECZSB 58.0CnS CEC26B

GEC273 56.34nS _u_C_:8 _o.72nS CEC2¢B

BEC3C8 5_.oOnS DEC31S 57.25nS EEC32_
G£C33_ o4.17nS DEC_4B c S.TCnS _EC35B

BEC3b_ o3.1en$ OECZ7B @3.97nS _EC3_B

_EC398 6C.40n5 CUT40_ 77.3_nS OUT41B

OUTG2_ 73.77nS DUT_3B 75.15nS CUT&6B

OUT45B 75.43nS OUT4C_ 74.8_nS OUT67_

Tphlck params: Vcc = 5.00V, Vih = 3.CCV, Vil= C.00V
L_mzts: 1.0CCnS minimum, 2_0.0_S m_x_mum.

¢0 35.93nS _I 39.04nS ¢2
_3 3_._9nS QOB 38.05nS El_

_2_ 4C.93nS _3E 36.21nS TOUT_

_OUTA 23.63nS TOUT_ 33.93nS _OUT_

MKTOUT 27.03nS MKCUT_ 2b.72nS _MOUT

COUT 70.27nS PO 63.Z7nS Pl

P2 9Z.53nS P3 108._nS P4
P5 129.2nS P6 132.7nS P7

D_CO 65.65nS OEC1 eQ.6OnS _EC2

DEC3 05.12n5 D_C_ 71.1_nS _EC5

_C6 _5.16nS DEC7 _5.3Zn5 CEC8

_EC9 60.35nS DECIO 62.72nS _EC11

0EC12 57.17nS DEC13 61.29nS _EC14

DEC15 57.25nS DECIO o_.25nS _EC17

DEC18 64.10n5 DEC19 61.03nS _EC20

DEC21 o2.3cns DEC2Z 02.41nS EEC23

DEC_ bS._lnS DEC25 76.37nS DEC26

D_C27 73.46n5 _EC28 7_.ICnS _EC2_

GEC30 69.3_nS DEC31 74.84nS DEC32

DEC33 73.95nS DEC34 79.04nS _EC35

OEC3_ 73.15nS _EC37 76.96nS CEC3_

DEC39 71.51nS MOUT40 83.&7nS MOUTh1
MOUT42 51.55nS MOUT43 77.09nS MOUT44

MOUT45 7_.80nS MOUT46 80.70nS MOUT67

OECO_ 64.56nS DECIB 64.54nS OEC2Q

_EC3fi 61.94nS DEC6S 61.37nS CECS8

OEC_B 64._4nS DEC7B 63.01nS OECSB

56.03nS

S6.88nS

62.64nS

63.58nS

62.41nS

63.32nS

66.59nS
6Q.34nS

7_.32nS

73.77nS

75.B2nS

59.72nS
76.26nS
74.60nS
63.71nS

62.85nS

52.60nS

61.0&nS

57.14nS

63.81nS

59.87nS

61.SSnS

59.69nS

65.06nS
62.70nS
65.21nS

61.53nS

70.58nS

76.05nS
75.72nS

37. O7nS
/,0.70nS
34.97nS
23.50nS

51.00nS
80.52nS

108.2nS
113.1nS

66.98nS
66._2nS

54. SOnS

56.08nS
60.80nS

62.25nS

60.93nS

61.87nS

64.93nS
67.78nS
72.60nS

72.16nS

7&.19nS
87.36nS
76.58nS

72.5_nS
62.07nS

61.14nS

51.20nS
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DEC98 56.63nS DEC10a

OECIZ8 54.45nS _EC13_

DEC15B 06.87nS DEC16B

OECISB 01.92nS 0EC19_

_EC21B 61.61nS _EC22_

DEC24B 63.55nS DEC25_

DEC27B 56.99nS _EC2a_

0EC308 57.09n_ 0EC31_

DEC33B 62.62nS GEC348

OEC30B 61.o3nS _EC37B

DEC398 _4.93nS OUT40E

OUT42E 71.57nS 3UT43_

OUT65E 73.64n5 OUT4cB

Tphlck params: Vcc = 5.25V, Vzh =
Limlts: 1.0OCnS mlnimum, 20C.OnS

_0 35.07nS _1

Q3 37.56nS _OE

Q2_ 40.10nS _3_
QOUTA 23,09nS TOUT5

MKTOUT 26.&1nS MKOUTB
COUT 68.5ons P_

PZ 90.37nS _3

P5 120.0nS P_
DECO 64.25n_ DEC1

DEC3 _.77nS DEC4

DECb _3.78n$ OEC7
DEC9 58.83nS DEC18

CEC12 55.80nS DEC13

DEC15 56.00nS DEC16

DECI_ 62.80nS 0EC19

_EC21 o1,16nS DEC22

DEC24 66.3onS OEC_5

0EC27 71.98nS 3EC26
DEC30 67.8SNS DEC31

CEC33 72.45nS 0EC34

_EC36 ?1.80nS DEC3?

DEC39 09.96nS MOET40
MOUT42 79.7ons MOUTA3

MOUT45 73.23nS MOUT46

DECOB C3.19nS DECIB

-DEC38 60.49nS DEC45

CEC6B 62.98n5 DECT_
DEC9B 55.3_nS OECIOB

DEC128 53.23nS DEC13B

DEC156 65.47nS DEClOB
DEC18B 60.65nS DEC19E

DEC21B o0.33n$ DEC228
DEC248 6Z.15n3 DEC25B

DEC27B 55.74nS OEC28B
-DEC30B 55.85nS OEC31B

DEC_3B 61.14nS DEC34B
DEC36B _0.33nS DEC37B

DEC398 63.58nS OUT40B
0UT428 69.91nS OUT&38

OUT45B 72.11nS OUT46B

Tphlck params: Vcc = 5.SOY
Limits: 1.000nS minimum•

QO 34.34n5

57.69nS OECllB

57.17nS EEC14B

_2.33n3 CEC17B

_2.25nS DEC20B

_3.55nS EEC23B

5e.52nS EEC26B

¢5.16nS DEC29B

55.9Gn5 CEC32B

c4.25nS CEC3_B

c2.25nS CEC3@B

75.43nS OUT41_

73.3_nS OUT46_

72.94nS CUT47E

3.0or, Vil = C.OOV

m_xzmum.

3_.2_nS _2

37.1&nS _IB

35.3GNS TCUTA
33.25nS COUTB

26.25nS MMOUT
b1.61nS Pl

I05.6nS P4

129.2nS P7
C7.9cn_ EEC2

c9.49nS _EC5

63.81nS EEC8
cl.37nS _EC11

5&.76nS EEC14

¢3,03nS EECI?

¢0.40nS CEC2C

el .27nS _EC23
72.81n$ _EC26

71.57nS DEC29

73.3En$ _EC32

77.3ENS DEC35

75.3_nS 0EC38

_1.53nS MOUT61
75.4CNS MOUT&4
78.TGnS MOUT&7

_3.16nS OEC2_

59.95nS EECSB

_I.S3nS _ECSB

56,44nS _EC11B
55,_5nS _ECI_B

_l.0_nS _EC17B

61.32nS DEC20@

_2.33nS _EC23B

55,30nS OECZ6B

_3.73nS _EC29B
54.65nS _EC32B

6Z.93nS DEC35B
60.88nS OEC3EB

73.77n$ OUT41B
71.67nS OUT44B

71.26nS CUT47B

• VCh = 3.QOV, VZl = O.0OV

200.OnS maxCmum.

QI 37.61nS Q2

59.40nS

55.61nS

62.33nS

58.69nS

60.1 5nS

58.23nS

63.60nS

61.22nS

63.11nS

59.95nS

68.79n$

74.29nS

73.77nS

36.37nS
39.92nS

34.1 6nS
23.01nS

49.75nS

78.62nS

105.7n5

110.3nS

65.60nS
65._6n$

53.20nS
56.39nS

59,45nS

60.96nS

59.58nS

60.70nS
63.81nS

66.28nS

71.18nS

70,74nS

72.68nS

85.42nS

72.92nS

70.74nS

60.62nS

59.40nS

49.§1n$

57.76nS
56.65nS

61.04n$
57.25nS

58.83nS
56.94nS

62.18nS
59.71nS

62.]1nS
58.44nS

67.21nS
72._1nS

72.11nS

35.69nS
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Q3
_2B

QOUTA

MKTOUT

COUT
P2

P5
OECO

0EC3

DECo

0EC9

DEC12

DEC15

DEC18

GEC21
DEC24

_EC27

OEC3O

CEC33
DEC36

DEC39

MOUT42

MOUT45

DECOB

DEC3B

DEC66

DEC9B

DEC12B

DEC156

DEC18B
DEC216

DEC24_

DEC278

DEC306

DEC33B
OEC36B

OEC39B

OUT42B

OUT45B

- Device PASSED

36.86nS

39.25nS

22.o_nS

25.94nS
67.11nS

8B.3BnS

123.0nS
o3.03nS

o3.50nS
62.44nS

57.46nS

54.6SNS

54.97nS

ol.7QnS

59.95nS
63.01nS

70.66nS

66.43nS

71.15nS
70.35nS

68.64nS

78.OBnS

71.70nS

oI.8wnS

58.86nS

ol.61nS
54.2enS

)2.19n$

o4.12nS

59.4_nS
59.12nS

60.93nS

54.65nS

54.73nS

59.38nS

59.Q1nS

o2.36nS

6B.27n_

70.66nS

all tes

QOB

Q3B

TOUTB

MKCUTB

P_

P3

P6
DEC1

DEC_
DEC7

3EC10

DEC13

DEC16

_C19

DEC22
DEC25

OEC28

_EC31

DEC34

DEC37

MOUT40

MOUTG3

MOUT46
DECIB

DEC4B

DEC7B

DECIOB

DEC138
_EC16B

DEC19B
2EC22B

DEC25B

DEC2cB

DEC31B

DEC348

DEC378

OUT4Og

0UT436

OUT46_

is,

36._nS

36.60nS

32.53nS

25.73nS
60.31nS

I03.3nS

12_.2nS

_6.59nS

6_.1_nS

62,57nS

60.1GnS

5_.47nS

01.92nS

59.22nS

60.23nS
71.4_nS

70.22nS
71.9_nS

75.B5nS
73.77nS

79.87nS

7&.O_nS

76.96nS

61.87nS

58.67nS

o0.23nS
55.35nS

5_._9nS
59.79nS

59.95nS
61.14nS

54.16nS

62.46nS

53.51nS

61.76nS
59.53nS

72,11nS

70.OcnS
_7.05n5

_IB

TOUTA

_OUTB

MMOUT

PI

P4

P7
DEC2

0EC5
DEC8

CEC11

DEC14
DEC17
0EC20

DEC23
_EC26

[EC29

DEC32

DEC35

CEC3E

MOUT41

MOUT44

MOUT47

_EC2B

DECSB
DEC88
DEC118

_EC14B
CEC17B

CEC20B
DEC23B

CEC26B
OEC29B

CEC32B

CEC35B
DEC3_B

OUT41B

OUT44B
CUT_TB

39.22nS

33.51nS

22.57nS

48.77nS

77.01nS

103.6nS

107.8nS

64.25nS

66.10nS

52.03nS

52.94nS

58.29nS
59.69nS

58.49nS

59.61nS
62.44nS

65.03nS

69.73nS

69.34nS
71.64nS

83.81nS
71.49nS

67.70nS
59.25nS

58 • OOnS
48.79nS
56.47nS

53.59nS
59,79nS

56.31nS
57.66nS

55.72nS

60.91nS

58.47nS

61.04nS
57.25nS

65 • 89nS

71.36nS

70.45nS
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Life Test Results (500 hr)
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t ) t ____ -

ACTEL1280 FPGALiFETEST RESULTS i

240,O,RS-TE,,,P-2,°C_ I _---_--- - i
TEST _TL !UNIT3 UNIT4 UNU_=T=TS___ UNUN__UNIT12
Fu-_ ]PAss iPASSIPASS1PASS-I_SS)PAs--s__A-SS- IP,_-ss--%__

_Ss-- _PASS---- _Xs__--_ASS_PAS_ iP_-As_PASS IPASS-_----S- i_P_S-g'+PASS--

,,-e-.... ,PASS..... ,PASS_-_IPASS!PASS_-PAS_S-SS-IPASS !PAS--S--iPA_SS--P_p_(---_PA-SS-__PASS-"

rlOZH ,PASS _PASS______--_PASS tPASS !_SP__ASS _PASS !PASS

V_L....._P-ASS.......)__ASS _PASS - P--A-SS'PASS PASS PASS -- P-ASS iPASS I_PXss- --

TPZL FPA_ !PASS IPASS IPASS PASS-IPASS )PASS ]PASS PASS-_--I_PASS -
_ _ IPASS IPASS [PASS 'PASS IPASS IPASS )PASS 'PASS !PASS PASS-

TPLHCK IPASS !PAss IPASS P_ PASS IPASS _ PASS PASS !P_S !PASS -
IP-ASS _S-S-}PASS IPASS PASS }PASS iPASS iPASS 'PASS IPAS-S !PASS -

A_EL 1280 FPGALiFETEST RESULTS ] I

t 500 HOURS-TEMP-25 C t I _ ,
--_, • , I 1 -t 1 1 _---TEST /UNIT1.2-CTL IUNIT3 IUNIT4 IUNIT5 UNITB )UNIT7 IgNITe ,UNITS ,UNIT10 /UNIT11 iUNITI2

FUNC_ASS--_SS TPASS IPASS PASS|PASS IPASS IPASS !PAss lPASS IPASS-

VOH !PASS NPASS iPASS JPASS PASS PASS !PASS ]PASS PASS IPASS PASS

VOL-=-_S ...... _ASS PAS-S--PA-SS PASS PASS iPASS iPASS--_-PA_ ....

'ISB_FPASS_-----IPASS PASS IPASS PASS PAss lPASS PASS PASS _PASS--_A-SS_-
I_ ..... _ASS...... TpASS _PASS 1PASS---PASS PASS 1PASS )PASS iPASS--:P-A-_-P_S--

IH _PASS _PASS PASS IPASS PASS PASS PASS PASS PASS PASS :PASS
IOZL 'PASS PASS PASS IPASS {PASS IPASS {PASS _PASS PASS _PASS IPASS

IOZH PASS .PASS PASS IPASS [PASS _PASS IPASS /PASS PASS ,PASS PASS

v, :PAss _PAssPAss_PAssPAss PAss PASS_PAssPAss PAss =PAss
-T_ _SS PASS PASS IPASS-PASS PAss IPASS---IPASS ;PASS 'IPASS_-P_---

"T-P'zH--_ PASS PASS-]PASS PASS PASS PASS PASS 'PASS PASS PASS
.... _ 1 PA_( I I i "TPLHCK PASS PASS PASS PASS PASS PASS PASS PASS IPASS IPASS

TPHLCK iPASS P_SS PASS IPASS PASS PASS PASS PASS :PASS PASS--,PASS
iii ! ; ] l ! I t , I i
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9-Jun-92

ITEST # PINS

ACTEL 1280 FPGALIFETESTS PERFORMEI

i

CONDITIONS

_IVCC-4.50V VIH- 3.00V,VIL- O.OOV 1

VCC- 4.75V,VIH- 3.00V,VIL- O.OOtJ
VCC- 5.00V,VIH- 3.00V,VIL- 0.00_

VCC-5.25V,VIH,,,3.00V,VIL-O.O0_

VCC- 5.50VVIH- 3.00V,VIL-0.00_

VCC-4.50V

VCC-4.75V

VCC-5.00V

VCC-5.25V

VCC-5.50V

VIH-3.0OV,VIL-O.OOV,Io--4.0Oma,LIMIT-3.70V MIN,5.50V MAXVOH

VIH-3.0OV,VIL-O.OOV,Io--4.0Oma,LIMIT-3.70V MIN,5.50V MAX

120

120
I

120,

VIH- 3.00V,VIL- O.OOV.Io--4.00ma,LIMIT- 3.70VMIN,5.50V MAX

l VIH- 3.0OV,VIL-O.OOV,Io- -4.00ma,LIMIT- 3.70V MIN,5.50V MAX
VIH- 3.00V,VIL- O.OOV,Io- -4.00ma,LIMIT- 3.70V MIN,5.50V MAX

VOL VCC-4.4OV,VIH-3.0OV,VIL-O.OOV,Io-6.00ma,LIMIT- O.OOVMIN,O.4OOVMAX 120

VCC- 4.75VVIH- 3.00V,VIL- O.OOV,le-6.00ma,LIMIT-O.OOVMIN,O.4OOVMAX 1201

VCC- 5.00VVIH- 3.00V,VIL- O.OOV,Io- 6.00me,LIMIT- O.OOVMIN,O.4OOVMAX 120

VCC- 5.25VVIH- 3.00V,VIL- O.OOV,Io-6.00ma,LIMIT-O.OOVMIN,O.4OOVMAX 120

VCC- 5.50VVIH- 3.00V,VIL- O.OOV,Io-6.00ma,LIMIT- O.OOVMIN,O.4OOVMAX 120

ilsb VCC- 4.50V INS-4.50V,OUTS-OPEN,LIMIT- 123.3uaMIN,25maMAX1 1

_____ l VCC-4.75V INS,-4.75V,OUTS-OPEN,LIMIT-133.3ua MIN,25maMAX 1VCC-5.00V INS-5.00V,OUTS-OPEN,LIMIT- 180.OuaMIN,25maMAX 1__ VCC- 5.25V INS,,,5.25V,OUTS- OPEN,LIMIT-2lO.OuaMIN,25maMAX I
VCC- 5.50V INS- 5.50V,OUTS- OPEN,LIMIT- 240.OuaMIN,25maMAX 1

VCC-4.5OV,VIN-O.OOV,LIMIT--lO.OOuaMIN,+ lO.OOuaMAX
VCC- 4.75V,V N- O.OOV,LIMIT--IO.OOuaMIN,+ 10.OOuaMAX

Ill 23

, 23

VCC-5.0OV,VIN-O.OOV,LIMIT--IO.OOuaMIN,+ lO.OOuaMAX i i 23
VCC-5.25V,VIN,,,O.OOV,LIMIT--lO.OOuaMIN,+ lO.OOuaMAX 23

VCC-5.5OV,VIN-O.OOV,LIMIT--IO.OOuaMIN,+ lO.OOuaMAX 23

lib VCC- 4.50V,VIN- 4.50V,LIMIT--lO.OOua MIN,+ 10.OOuaMAX 23

IVCC-4.75V,VlN-4.75V,LIMIT--10.00ua MIN,+ 10.00uaMAX 2;3

VCC- 5.00V,VIN-5.0OV,LIMIT--IO.OOua MIN,+ lO.OOuaMAX _ 23
'VCC- 5.25V,VIN,,,5.25V,LIMIT--lO.OOuaMIN,+ lO.OOuaMAX I 23

VCC- 5.50V,VIN- 5.50V,LIMIT-- lO.OOuaMIN,+ l O.OOuaMAX 1f 23

Iozl VCC-4.5OV,VIN-O.OOV,LIMIT--IO.OOuaMIN,+ lO.OOuaMAX
L

rVCC-4.75V,VIN-O.OOV,LIMIT-.lO.OOua MIN,+ lO.OOuaMAX

VCC-5.0OV,VIN-O.OOV,LIMIT-.IO.OOua MIN,+ 10.OOuaMAX

VCC-5.25V,VIN-O.OOV,LIMIT--lO.OOua MIN,+ lO.OOuaMAX

MIN,+ lO.OOuaMAXIVCC-5.5OV,VIN-O.OOV,LIMIT--IO.OOua

t I i = I

J 120

'12o
I 120

--I

2O

120

1201
120

Iozh VCC-4.5OV,VIN-4.5OV,LIMIT--IO.OOua MIN,+ lO.OOuaMAX

IVCC-4.75V,VIN-4.75V,LIMIT--lO.OOua, MIN,÷ lO.OOuaMAX

VCC- 5.00V,VIN,,,5.0OV,LIMIT,,,-lO.OOua,MIN,+ lO.OOuaMAX

' VCC- 5.25V,VIN- 5.25V,LIMIT-- 10.OOua,MIN,+ IO.OOuaMAX 120

VCC- 5.50V,VIN- 5.50V,LIMIT--l O.OOua,MIN,+ 10.OOuaMAX 120

I i 1 1
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MAX

MAX I

I

23

, T 23

23

23

I 23

L ! 23

VCC- 5.00V,LIMIT- 800.OmvMIN,2.00V MAX -i

IVCC-4 50!,LIMIT-Vih - 800.OmvMIN,2.00V

-- _.... VCC-4.75V,LIMIT-800.Omv MIN,2.00V

i ..... iVCC-5.25V,LIMIT-800.Omv MIN,2.00V MAX 4
VCC- 5.00V,LIMIT- 800.OmvMIN,2.00V MAX
+

Vii :VCC- 4.50V,LIMIT- 800.0mvMIN,2.00V MAX

" "vcc-4.75V,LIMIT- 800.0mvMIN,2.00V MAX

....... _VCC-5.00V,LIMIT- 800.0myMIN,2.00V MAX
IVCC- 5.25V,LIMIT- 800.0myMIN,2.00V MAX

__ !VCC-5.0OV,LIMIT-8OO.OmvMIN,2.00V MAX

!Tpzl iVCC- 4.50V,VIH- 3.00V,VlL- O.OOV,LIMIT- 1.00ns

IYCC-4.75V,VIH- 3.00V,VIL-O.OOV,LIMIT-1.00ns

...... VCC-5.00V,VIH= 3.00V,VIL- O.OOV,LIMIT-1.OOns
i VCC- 5.25V,VIH- 3.00V,VIL- O.OOV,LIMIT-1.00ns

' VCC- 5.50V,VIH- 3.00V,VIL- O.OOV,LIMIT-1.00ns

Tpzh IVCC- 4.50V,VIH- 3.00V,VIL- O.OOV,LIMIT-1.00ns

7- _VCC- 4.75V,VIH- 3.00V,VIL- O.OOV,LIMIT- 1.00ns

i /VCC- 5.00V,VIH- 3.00V,VIL- O.OOV,LIMIT-1.00ns
t- T-......

1- _.25V,VIH - 3.00V,VlL- O.OOV,LIMIT- 1.00ns

i _V_CC-5-5_ _,V/L-- O.OOV,LIMIT= 1.00ns
i:rp/hck .... VC-C-_ _,V/_- O.OOV,LIMIT= 1.00ns

....... j

I _ 23

[ _ 23
[ ......... ! 23

MIN,200.0nsMAX 112

MIN,200.0nsMAX _ 112

MIN,2OO.OnsMAX 112

MIN,2OO.OnsMAX

MIN,2OO.OnsMAX

MIN,2OO.OnsMAX

L vcc- 4.75V,VIH- 3.00V,VIL-O.OOV,LIMIT-1.00ns
_/CC-5.00V,VIH-3.0OV,VIL-O.OOV,LIMIT-1.00ns

VCC- 5.25V,VIH- 3.00V,VIL-O.OOV,LIMIT-1.00ns

VCC- 5.50V,VIH- 3.00V,VIL- O.OOV,LIMIT-1.00ns

iTphlck VCC- 4.50V,VIH- 3.00V,VIL- O.OOV,LIMIT-1.00ns

_ VCC- 4.75V,VIH- 3.00V,VIL- O.OOV,LIMIT-1.00ns
VCC- 5.00V,VIH- 3.00V,VIL- O.OOV,LIMIT-1.00ns

; IVCC- 5.25V,VIH- 3.00V,VIL- 0.00V,LIMIT- 1.00nsMIN,200.0ns MAX

MIN,2OO.OnsMAX

MIN,2OO.OnsMAX

MIN,2OO.OnsMAX

MIN,2OO.OnsMAX

MIN,2OO.OnsMAX

MIN,2OO.OnsMAX

MIN,2OO.OnsMAX

MIN,2OO.OnsMAX r

MIN,2OO.OnsMAX _

MIN,2OO.OnsMAX

MIN,2OO.OnsMAX

MIN,2OO.OnsMAX

112

112

l 112

t 112

112
112

1
120

! 120
, 120

120

120

120

120L
120

120
= 120IVCC- 5.50V,VIH- 3.00V,VlL- O.OOV,LIMIT-1.00ns MIN,2OO.OnsMAX
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Actel 1280 - Total Dose Radiation Test Report 7/7/92

The purpose of this test is to characterize the Actel 1280,

application total dose environments.
1.2um CMOS FPGA, for space

2.0 Background

Previous total dose testing of the Actel 1020, 2.0urn CMOS FPGA performed by Hughes

Aircraft Company (HAC) found a significant increase in the minimum Vdd during post rad
ambient (25 deg C) annealing testing. In addition, a two to three times increase in ldd was

observed. The Actel 1020 tests concluded that the 1020 device was acceptable to 100K tad.

Since the Actel 1280, 1.2um component is based on the same process similar results were

expect. During the Actei 1280 testing, a focus was placed on the increases in the Vdd and Idd.

3.0 Test Procedure

The test procedure used to evaluate the Actel 1280 device is identical to the procedure used for

the 1020 device. A copy of the test procedure is provided in Appendix A. A summary of the
procedure is described below:

Test A: Tri-state output buffer characterization.

Measure the following parameters of the tri-state output buffer:

Voh, Vol, los, Leakage, Tr, Tf, Tplh, Tphl, Tphz, Tpzh, Tpiz, Tpzl
Four outputs per device are tested.

Test B: Standard input/output buffer characterization and combinatory logic delay test.

Measure the following parameters of the standard output buffer:

Voh, Voi, los, Vih, Vii, Iih, Iil, Tr, Tf, Tphl, Tplh

Four output/input per devices are tested.

Measure the delay through the following logic elements:

3 input AND, 4 input AND, 3 input OR, 4 input OR

50 gates of each type are changed together in series.

One chain of each gate type per device are tested.

Test C: Flip-Flop characterization.

Measure the following parameters of the D-type flop-flop:

Tsu, Thd, Tpd, minimum clock pulse width, clock skew

Four flip-flops are tested.
The clock skew measures the maximum clock skew across the entire die.

Test D: Speed and minimum Vdd characterization.

Measure the maximum operating frequency of a 12 bit binary counter.

Measure the minimum Vdd that the 12 bit binary counter will operate.

One counter per device is tested.
The counter fails the tests when it fails the functional count vectors.

Test E: Static Idd and dynamic ldd measurement.
Measure the static Idd.

Measure the dynamic Idd at 5Mhz, 2Mhz, and IMhz.
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4.0 Test Samples

A total of 26 sample parts are used from two diffusion lots ( 13 from each lot). The parts were

provided by Actel. Both lots are from the Matsushita's 1.2um production process. All parts are

programmed at HAC. Twenty-four parts are for testing and two are for control.

5.0 Test Flow

Test samples shall be divided into four groups of six (three devices from each diffusion lot).

Each group shall be exposed at a single total dose level then annealed in accordance with Table
1. Electrical tests shall be performed pre-rad, post-tad, and following each annealing period.

Bias voltage shall be maintained during exposure, anneal, and transportation periods. Unbiased

periods shall not exceed one minute at any one time.

Group Number Quantity Total Dose

(K rad)
20

Anneal Procedure

(Cumulative hours)

1 hour at 25 deg C

3 hours at 25 deg C

24 hours at 100 deg C

48 hours at 100 deg C
72 hours at 100 deg C

168 hours at 100 de£ C
2 6 70 Same as above

3 * 6 100 Same as above

4 * 6 200 Same as above

Table 1 - Total Dose Levels and Anneal Procedure

* Note: These levels were not performed due to the 70K tad test results.

6.0 Bias Conditions

All devices are biased during irradiation, anneal, and transportation. This circuit holds the reset low

to ensure that all parts are held in a fixed known state. Four outputs are held high while in the high

Z state. The remaining outputs are left open with some driven low and some driven high.

Two bias boards are used. The exposure bias board holds two test samples, the anneal bias board
holds six devices. Both bias boards use zero insertion force sockets.

7.0 Radiation Source

The two radiation sources used are the Hughes Gammacell 220, Cobalt 60 irradiators with dose rates

of approximately 83.37 tad (Si)/se¢ and 123.59 rad (Si)/sec. These cells have a MIL-STD-883,

Method 1019 compliant Pb-AI scatter cutter and temperature controller installed. Parts are irradiated

two at a time, maintaining dose uniformity to within ten percent.

8.0 Test Result Summary

Group 2 (70 K tad) test was performed first. The cell is rated at 123.57 rad/sec. The total dose time

is 9.48 minutes. A total of four parts (S/N 2, 3, 5, and 6) were irradiated to 70K rad. S/N 2 and 5

were irradiated first then tested, then SIN 3 and 6 were irradiated, then tested. The ldd current and

temperature was monitored while the parts were irradiated. When the exposure started a rapid

increase in Idd current was noticed. Within 90 seconds of the start of the exposure the Idd value

reached 60ma per device. This was approximately a 350 times increase in the pre-rad Idd value. The

power supply current limit was increased to 300ma (to yield 150ma per device) and within 140

seconds the Idd current reached 150ma per device. At this point the current limit of the power supply

was not increased because of the risk of thermally damaging the devices. The power supplies current

limited at 300ma (total for both devices) and the Vdd voltage dropped to 2.4 volts during the

Hughes Aircraft Company
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remainder of the exposure. Once the exposure stopped, a rapid and steady decrease in Idd current
was noticed. The devices were removed from the chamber and placed in the bias board for

transportation to the test area. The total time that the devices were unbiased was less than one

minute. Table 2 summarizes the Idd measurements for the "0 hour', "1 hour', and "3 hour" tests.

Hour

"0 hr"

(25 deg C)

[ S/N 2

23.9
actual time

46 min

Static Idd (rna)
S/N 5

no data

available

S/N 3

79.0
actual time

21 min

S/N 6

25.3
actual time

23 min

"1 hr" 22.9 16.8 60.4 20.7

(25 deg C) actual time actual tlm¢ actual time actual time
I hr 6 rain 1 hr 29 min 1 hr 2 rain 1 hr 3 rain

"3 hr" 18.5 14.9 52.3 18.6

(25 deg C) actual time actual time actual time actual time
3 hr 22 min 3 hr 24 rain 2 hr 0 min 2 hr 2 rain

Table 2 - Static ldd Current - 70K rad - Ambient Anneal

In addition to the ldd measurements a complete set of tests corresponding the test procedure
described in Appendix A was collected.

During device testing difficulty was encountered in powering-up the devices. The static ldd current

decreased to a reasonable level quickly post-tad but the power-up (inrush) ldd current was very high.

While testing the devices post-rad the current limit level of the tester power supply had to be set as

high as 300ma to guarantee that the parts would power up to 5.0 volts. This is the reason that no
data was available on S/N 5 "0 hr'. The tester was set at it's maximum current limit value of 450ma

and the device still would not power-up. Once the devices were at 5.0 volts the Idd current remained
at it's static value.

During the post-rad testing a minimum Vdd test was performed. As described in the test procedure
in Appendix A, a 12 bit binary counter was programmed in each device and clocked at 1 Mhz. The

Vdd voltage was continuously decreased until the counter fails to count "correctly" (note, "correctly"

means a simple functional check of the binary count sequence). This test was used to help assess
threshold shifts due to radiation. The minimum Vdd observed pre-rad was 2.11 volts. This value was

very consistent among all devices. Table 3 lists the minimum Vdd value during the ambient
annealing period.

Hour

"0 hr"

(25 deg C)

S/N 2

2.54
actual time

46 rain

Minimum Vdd

(volts)
S/N 5

no data

available

S/N 3

4.41
actual time

21 rain

S/N 6

2.63
actual time

23 rain

"1 hi" 2.56 2.79 3.70 2.64

(25 deg C) actual time actual time actual time actual time
i hr 6 rain 1 hr 29 rain 1 hr 2 rain 1 hr 3 rain

"3 hr" 2.61 2.84 3.35 2.66

(25 deg C) actual time actual time actual time actual time
3 hr 22 rain 3 hr 24 rain 2 hr 0 rain 2 hr 2 min

Table 3 - Minimum Vdd - 70K rad - Ambient Anneal
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In general the minimum Vdd value increased post-tad during the ambient annealing period from the

"0 hr" to the "3 hour" tests except for S/N 3.

Once the ambient annealing period was complete the high temperature annealing began. During high
annealing, each devices was tested at 24, 48, 72, and 168 hours. The devices were biased and

annealed at 125 deg C. The complete test procedure was performed on each device during each test
time. Close attention was focused on the Idd current and the minimum Vdd value. Table 4 lists the

Idd measurements during temperature annealing.

Hour

24hr

(125 deg C)
48hr

(125 deg C)
72hr

(125 deg C)
168hr

(125 deg C)

S/N 2

80.6

Static Idd (ma)

I S/N 5

94.1

S/N3 I

111.0

S/N6

92.0

62.8 70.6 86.6 65.7

54.9 57.1 73.9 46.2

33.6 14.420.1 18.5

Table 4 - Static Idd Current - 70K rad - Temperature Anneal

As shown in the Table 4, an large increase in Idd current occurred after the first 24 hours of

temperature annealing for all devices and within 7 days fell off to a fairly low level.

The minimum Vdd displayed a continuous upward shift during the annealing period as shown in
Table 5.

Hour

24 hr

(125 deg C)
48 hr

(125 deg C)

72 hr

(125 deg C)
168hr

(125 deg C)

S/N2

2.88

Minimum Vdd

(volts)
] S/N 5

2.99

S/N 3 ]

2.81

S/N 6

2.81

4.11 4.11 4.00 4.00

4.11 4.11 4.00 4.11

4.11 4.11 4.11 4.11

Table 5 - Minimum Vdd - 70K rad - Temperature Anneal

The minimum Vdd value clamped at approximately 4.11 volts for all devices. This is an 2 volt

increase over the pre-rad value.

Based on the performance of the four devices at 70K rad, a lower value total dose test of 20K rad

was performed next. In addition to a lower total dose value a different dose rate chamber was ttsed.
The chamber is rated at 83 rad/sec. A different dose rate chamber was selected in order to see if the

dose rate would significantly affect the rate of Idd increase during the exposure period. Four devices

(S/N 7, 8, 9, and 10) were tested pre-rad then irradiated biased to 20K rad. Like the 70K rad test,

immediately after the exposure started a rapid increase in ldd current was observed. Within 180

seconds of the start of the exposure the Idd current reached 150ma per device. The power supply

current limit was increased to 500ma (250ma per device) to prevent a current limit voltage drop.

Hughes Aircraft Company
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During the exposure of S/N 7 and 8, at about 20 seconds before the end of the exposure period (the

Idd current was now at approximately 200ma per device) a sudden jump in Idd current forced the

power supply into current limit at 500ma (total for both devices) and the Vdd voltage to drop to 2.4
volts. The devices stayed in this high current mode for the remainder of the exposure period. It is

unknown what caused the sudden (instantaneous) increase in ldd. Devices S/N 9 and I0 did not

exhibit this problem. After the exposure was complete the devices were transported biased to the test

area for the "0 hour', "I hour', and "3 hour" tests. Same as for the 70K tad devices, a high inrush

current was required in order to power-up the devices. In the 20K tad cases ALL devices would not

power-up even with the tester power supply set to it's maximum value of 450 ma. Even after 3 hours

of ambient annealing the devices would not power-up. At this point the devices were place in the

oven to start temperature annealing. After 24 hours of temperature annealing the devices were tested,

all devices powered-up correctly. Table 6 summarizes the Idd measurements during the post-rad

temperature annealing period.

Static Idd (ma)
Hour S/N 7 ] S/N 8

24 hr 2.21 .673

(125 de£ C)
48 hr 121.5 119.5

Q25 deg C)
72 hr 89.6 84.1

125 deg C)
168 hr 26.6 22.9

(125 de£ C)

S/N 9 S/N 10

.750 .743

151.5 144.5

102.3 100.8

33.4 30.2

Table 6 - Static Idd Current - 20K tad - Temperature Anneal

Like in the 70K tad case, the Idd current increased during the initial annealing period and decreased

to a fairly low level at the end of the 7 day period.

The minimum Vdd tests did not detect any real change in the Vdd value at 20K tad during the

annealing period. Table 7 is a summary of the minimum Vdd test results.

Hour

24 hr

(125 deg C)

48 lax

(125 deg C)

72 hr

(125 deg C)
168 hr

(125 deg C)

S/N 7

1.2

Minimum Vdd

(volts)
S/N 8

2.00

S/N 9

2.00

S/N 10

2._

2._ 2.05 2.25 2._

2._ 2._ 2._ 2._

2._ 2._ 2._ 2._

Table7-MinimumVdd-20Ktad TempetatureAnn_
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The above documentation only discussed the two key parameters, Idd and minimum Vdd. The

actually test performed measured a wide variety of parameters as described m Appendix A. Table 8
list some of the other parameters measured and the variation over the pre-rad value after the 7 day

annealing period. Table 8 is data for the 70K rad case. 20K tad test data was also taken with similar
results.

Test Name

tri-state buffer

propagation delay

Tphl
tri-state buffer

output voltage high
Voh

tri-state buffer

output voltage low
Vol

tri-state buffer

output current leakage
Iozh

4 input AND gate

propagation delay

Tplh
standard buffer

output voltage high
Voh

standard buffer

output voltage low
Vol

standard buffer

output low short circuit
llos

standard buffer

output high short circuit
Ihos

standard input

logic 0 threshold
Vii

standard input

logic 1 threshold
Vih

D-type flip-flop

propagation delay

Tdq

I re-Rad Value

S/N 2 = 18.05 ns

S/N 5 = 19.00ns

S/N 2 = 4.81v

S/N 5 = 4.79v

S/N 2 = .075v
S/N 5 = .082v

S/N 2 = 4.15na

S/N 5 = 4.20ha

S/N 2 = 395.0ns

S/N 5 = 428.0ns

S/N 2 = 4.81v

S/N 5 = 4.79v

S/N 2 = .075v

S/N 5 = .082v

S/N 2 = 34.7ma

S/N 5 = 32.6ma

S/N 2 = 26.8ma

S/N 5 = 23.9ma

S/N 2 = 1.36v

S/N 5 = 1.37

S/N 2 = 1.38v

S/N 5 = 1.39v

S/N 2 = 20.20ns

S/N 5 = 22.30ns

frequency test S/N 2 = 16.4Mhz
Fmax S/N 5 = 14.9Mhz

dynamic Idd current S/N 2 = 17.26ma

Idd(dyn) S/N 5 = 15.45rna
Table 8

Post-Anneal Value

70K Rad

S/N 2 = 18.20ns

S/N 5 = 16.00ns

S/N 2 = 4.80v

S/N 5 =4.79v

S/N 2 = .080v
S/N 5 = .085v

S/N 2 = 6.17na

S/N 5 = 5.04na

S/N 2 = 444.0ns

S/N 5 = 482.0ns

S/N 2 = 4.80v
S/N 5 = 4.79v

S/N 2 = .080v

S/N 5 = .085v

S/N 2 = 33.15rna

S/N 5 = 31.4ma

S/N 2 = 24.65ma

S/N 5 = 22.20rna

S/N 2 = 1.72v

S/N 5 = 1.74v

S/N 2 = 1.72v

S/N 5 = 1.74v

S/N 2 = 23.15ns

S/N5 = 25.10ns

S/N 2 = 14.3Mhz

S/N5 = 13.0Mhz

S/N 2 = 29.63Mhz

S/N 5 = 26.4Mhz

Test Data for S/N 2 and 5 Post-Anneal - 70K Rad

Conllnent$

low-to-high
measurement

loh = 3.2rrm

Iol = 4.0ma

tri-state buffer in high-

Z state with output tied
to 5v.

fifty 4-input AND

gates in series. Low-to-

high measurement.
Ioh = 3.2ma

Ioi = 4.0ma

output buffer in low
state while tied to + 5v

output buffer in high
state while tied to

ground

propagation delay from

the D input to the Q

output

maximum frequency

that the 12 bit binary

counter will operate

frequency at 5Mhz
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As shown in the table 8, the other characteristics of the Actei 1280 devices showed little changes

with radiation. Table 8 is data for only S/N 2 and 5 but the other parts tested exhibited similar
results.

9.0 Summary

The radiation testing stopped after the 20K rad test were complete. Based on the high ldd currents

seen during the exposure and annealing periods the Actel 1280 devices seem to be sensitive to the
effects of radiation at levels as low as 20K rad. This test data does not conclude that the devices are

not acceptable for use in a radiation environment but additional testing must be performed to assure

that the high Idd currents will not significantly degrade the reliability of the devices. Additional

testing at levels of 10K rad and lower will be performed by Hughes at a later date (current schedule

for testing is unknown).

Hughes Aircraft Company
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I. TEST A

Objective:

Circuit:

To measure electrical parameters VOH, MOb lOS, and leakage
current of tri-state output buffers.
To measure timing parameters Tr, Tf, TPHL, TPLH, TPHZ, TPZH, TPLZ,
TPZL

Refer to Figure 1.
A total of four Test Circuit - Tri-Stale Buffer's would be used

in a design.

Layout: Refer to Figure 2.
One test circuit would be used on each side of an Actel part.

Simulation Results: NQ_

Test Procedure:

Measure electrical and timing parameters of all four test circuits.
Measure VOH at IOH = -3.2 ma and IOH = -20 ua

VOL at IOL = 4 ma and IOL = 20 ua.
(TEST ONLY ONE OUTPUT AT A TIME)

Measure output short circuit current los for :
VOH shorts to GND for maximum of 20 msec.
VOL shorts to VCC for maximum of 20 msec.
(TEST ONLY ONE OUTPUT AT A TIME)

Disable td-state output buffers and measure output leakage
current.

Measure timing parameters according to the following figures:

IN1A = VCC

_=... 2O.u.sec =,_
IN2A I I" V_ ="- =

I I _r_41 _1Q_ , I 1.sv:" 
:TPLHI , TPHL I

INIA = VCC

Vcc

I ITf IITr

* Also measure Tr and Tf between 1V and 4 V

10% = 0.5V

90=1== 4.5V

INZA = GND

l_p_ 2o.u.sec_!
Vcc

OA vcc I I "t:''v I I

I _'_L" !TPLZTPZL V(:L I_°

IN?A = Vcc

1_--2v °-u-se_-_1

I I vm I I,_o

c_ mo m___5 - i Tmz I
!
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- Set an output to a logic low state with a voltage load of 0 V. The

voltage load would be swept to 5 V in 0.5 V steps.
Measure output current I as a function of output voltage V.

- Set an output to a logic high state with a voltage load of 5 V. The

voltage load would be swept to 0 V in 0.5 V steps.
Measure output current I as a function of output voltage V.
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IN1A D

IN2A o

INBUF

y

INBUF

E PAD

TRIBUFF

OA

Test Circuit A- Schematic Diagram
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!1. TEST B

Objective: To measure propagation delay for 4 different types of
combinational logic.
To measure VoH,VOL, and los of output buffers.
To measure VIH,, VIL, and input leakage current.

Circuit: Refer to Figure 3.
Type 1 - 50 3-inputs AND gates.
Type 2 - 50 4-inputs AND gates.
Type 3 - 50 3-inputs OR gates.
Type 4 - 50 4-inputs OR gates.

Layout: - Refer to Figure 4.

Simulation Results: Refer to Figure 5.

Test Procedure:

m Measure propagation delay from input to output of all four test
circuits according to the following figure:

• _ 20usec

._.._,_s0% s0%'_r_ _D

I I • vm I _1_,,_
on" _

:TPLHI I, TPHL

Measure Tr and Tf according to the following figure:

20usec

I _° _ _/% I
OUT 10%j,I _. 10%

iT,,I ITf I"
"Also measure Tr and T[ bet_m_t lV and 4 V

10% =,0.SV

90% = 4.5V

Measure VOH at IOH = -3.2 mA and IOH = -20 uA.
VOL at lot. = 4 mA and IOL = 20 uA.

( TEST ONLY ONE OUTPUT AT A TIME )
Measure output short circuit current lOS for VOH shorts to GND
and VOL shorts to Vcc for maximum of 20 msec.

( TEST ONLY ONE OUTPUT AT A TiME )
Measure input voltage level VIH and VIL.

Measure input leakage current II. at VIN = Vcc or GND.
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Set an output to a logic low state with a voltage load of 0 V.
voltage load would be swept to 5 V in 0.5 V steps.
Measure output current I as a function of output voltage V.

The

Set an output to a logic high state with a voltage load of 5 V. The
voltage load would be swept to 0 V in 0.5 V steps.
Measure output current I as a function of output voltage V.
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I 2

INBUF

I 49 5O

I 2

INBUF

49 50

PAD

D _ O_AND3

OUTBUF

PAD

O _ O_AND4

OUTBUF

1 2

Y
INBUF

I 49 50

O_OR3

OUTBUF

! 2

D_ Y Y Y
IN_OR4

INBUF

49 50
_I__._O pAD "

R4

OUTBUF

Test Circuit B - Schematic Diagram
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INPUT

O_AND3

O_AND4

O_OR3

O_OR4

I
|

ITI]H
I

I

i T2LH

1 m sec

I
! I
TIHL
I I

/
I I I

IT2HL I
I

I i
I ' I I

I 1
I I I I

T_H I ITaHL I

'1 I

AND3 - TILH = 456,1 ns TIHL =
AND4 - T2LH = 863.9 ns T2HL--
OR3 - T3LH = 416.1 ns T3HL =
OR4 - T4LH = 497.0 ns T4HL =

422.4 ns
493.7 ns
453.5 ns
473.3 ns

Test Circuit B - Simulation Timing Diagram
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III. TEST C

Objective" To measure setup and hold time, propagation delay, and minimum
clock pulse width.
To determine the clock skew.

Circuit: Refer to Figure 6.
Four sets of flip-flops (A0,A1),
would be used in the design.

(B0,B1), (C0,C1), and (D0,D1)

Layout: Refer to Figure 7.
All flip flops are manually placed, FF1 is placed closest to the
clock buffer and FF2 is placed farthest from the clock buffer. Flip
flops (A0,A1) and (D0,D1) are placed on different row of logic
module. Flip flops (B0,B1) and (C0,C1) are placed on the same
row of logic module,

Simulation Results: Refer to Figure 8.

Test Procedure"

Measure the setup and hold time by dithering the clock input and
monitor for output QAO according to the following figure:

RESET

DA 150us]

I !
(sample QA0 20 usec after the

rising edge of the clock)

Measure the minimum clock pulse width (Tw) that triggers flip
flop output QA0 to change from low to high. See the following
timing diagram:

RESET

I_us .
oA ]

I

I 20us s
(sample QA0 20 usec after the

rising edge of the clock)
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Measure flip flop propagation delay (Tpd) according to the
following figure:

RESET

120_ /
OA _o_1
CI.DCK 50_/_

ISO']d"

ITpdl

Measure the clock skew (Tsk) according to the following figure:

RESET

120_ i

CROCK

QA1

Repeat the same measurements for the other three sets (BO,B1),
(CO,C1), and (DO,D1).
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DA

CLOCK

RESET

_Y° i

A0 _

FFI

INBUF I DFC !B
I

PAD _N,,,_y I

CLKBUFI A CLR

INBUF

OUTBUF

D

OUTBUF

OA0

QA1

Test Circuit C - Schematic Diagram
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RESET
10 msec

DA

CLOCK

QA0

QAI

I
I I

iTSl

'1
Tw

Tpd

!skew

!

Fllo Flops (A0.A1) :

Tsetup = 14.5 ns
Thold = 0 ns
Tpd = 23.1 ns
Tskew = 0.3 ns
Tw = 8.6 ns

Fllo Floos (BO.BI) :

Tsetup = 12.5 ns

Thold = 0 ns

Tpd = 24.1 ns

Tskew = -0.3 ns

Tw = 8.6 ns

Flip Flops (C0.C I ) :

Tsetup -- 13.0 ns
Thold -- 0 ns

Tpd = 23.8 ns
Tskew = -0.2 ns

Tw = 8.6 ns

FlioFloos (DO.D I):

Tsetup = 18.0 ns

Thold = 0 ns

Tpd = 23.5 ns

Tskew = 0.7 ns

Tw = 8.6 ns

Test Circuit C - Simulation Timing Diagram

253



IV. TEST D

Objective:

Circuit:

To characterize performance and Vdd minimum.

Refer to Figure 9.

Layout: - Refer to Figure 10.

Simulation Test Results: NONE

Test Procedure:
Characterize performance.
a. Set ENA to logic 1.
b. Clock Rate = 10 Mhz (TBR)
c. Increase clock rate by 0.2 Mhz (TBR)
d. Enable RESET for 10 msec.
e. Verify counter outputs change from 000 through FFF and

back to 000.
f. Repeat steps c through e until the counter outputs are invalid.
g. Record the last clock rate (ie. the clock rate at which the counter

starts failing).

C;haracterize Vdd minimum.
Set ENA to logic 1.
Enable Reset for 10 msec (TBR).

- Clock Rate - 1 MHz.
- Reduce Vdd until counter outputs are invalid.
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ENA O _ > Y
I1

INBUF

RESET

CLOCK o l_J _'_ Y

CLKBUF

I ENA

CLK

CN12EC

RCO

Y"t
YIO 1

YI

PAD

o _ RCO

OUTBUF
PAD

D _ YII

OUTBUF

PAD

o _ YO

OUTBUF

Test Ctrcult D - Block Diagram
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V. TEST E

Objective:

Circuit:

To measure Icc current.

Refer to Test Circuit A, B, C, and D.

Layout: Refer to Test Circuit A, B, C, and D.

Simulation Test Results: NONE

Test Procedure:

Measure standby current Icc.
All inputs = GND except RESET.
Set RESET to logic 0 for 10 msec.
Set RESET to logic 1. Measure Icc current.

Measure operating current Icc.
- Set RESET to logic 0 for 10 msec. Set RESET to logic 1.
- All inputs - Vcc except inputs DA, DB, DC, DD, and CLOCK.
- CLOCK input is 5 MHz.
- Inputs DA, DB, DC, and DD (pin number 63,76,59, and

57) are toggled at 2.5 MHz on the failing edge of 5 MHz
clock. "
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TRW SUMMARY REPORT

PRODUCT: ACTEL CMOS FPGA

MANUFACTURING BY: MATSUSHITA ELECTRONICS CORP.

DEVICE: A1020A 1.2 micron 2000 gates

EVALUATED BY: TRW Electronics System Group

Ref.TRW H936.12.TCL

RADIATION TOTAL DOSE

3 units were evaluated at 30, 50, 100, and 200 krads(Si) total dose at a dose rate of

79 rads(Si)/sec per MiI-Std-883 method 1019.The devices were irradiated in a single exposure

sequence. Two units were used as control. Bias on pins during exposure were selectively set to

high, low, or open. All units were 84 pin, J lead, plastic package, commercial grade supplied

by Actel.

PARAMETRIC AND FUNCTIONAL RESULTS

Conditions: There was no delay between radiation and test, nor was there
bias maintained between radiation and test.

Unit # 12 0K(Pre) 30K 50K 100K 200K Anneal

(24hrs)

VIH Pass Pass Pass Pass Pass

VIL Pass Pass Pass Pass Pass

IIH Pass Pass Pass Pass Pass

IlL Pass Pass Pass Pass Pass

IOH Pass Pass Pass Pass Pass

IOL Pass Pass Pass Pass Pass

tPHL Pass Pass Pass Pass Pass

tPLH Pass Pass Pass Pass Pass

VOH Pass Pass Pass Pass Pass

VOL Pass Pass Pass Pass Pass

ICC(ac) 150.6 211.3 199.4 222.6 242.9

ICC(dc) 3.5 63.7 52.4 72.6 86.3

FUNC Pass Pass Pass Pass Pass

190

Unit #13 OK(Pre) 30K 50K 100K 200K Anneal

(24hrs)

VIH Pass Pass Pass Pass

VIL Pass Pass Pass Pass

IIH Pass Pass Pass Pass

IlL Pass Pass Pass Pass

IOH Pass Pass Pass Pass

IOL Pass Pass Pass Pass

tPHL Pass Pass Pass Pass

tPLH Pass Pass Pass Pass

VOH Pass Pass Pass Pass

VOL Pass Pass Pass Pass

ICC(ac) 151.2 219.7 204.8 225.6

ICC(dc) 3.5 70.2 55.9 75.0

FUNC Pass Pass Pass Pass

Fail

245

Fail

206

261
pRE'_ED_NG P_GE BLP,.NK NOT FII.aNIEI.)



Unit #15

VIH

VIL

IIH

IlL

IOH

IOL

tPHL

tPLH

VOH

VOL

ICC(ac)

ICC(dc)

FUNC

0K(Pre)

Pass

Pass

Pass

Pass

Pass

Pass

Pass

Pass

Pass

Pass

152.4

3.5

Pass

30K

Pass

Pass

Pass

Pass

Pass

Pass

Pass

Pass

Pass

Pass

217,3

66.7

Pass

50K

Pass

Pass

Pass

Pass

Pass

Pass

Pass

Pass

Pass

Pass

204.8

55.4

Pass

100K

Pass

Pass

Pass

Pass

Pass

Pass

Pass

Pass

Pass

Pass

225.6

73.8

Pass

200K

Pass

Pass

Pass

Pass

Pass

Pass

Pass

Pass

Pass

Pass

248,8

95.8

Pass

Anneal

(24hrs)

210
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TOTAL DOSE OF A1020A
ACTEL FPGA (1.2 MlCRON,MEC DIE)

220

210

200

O
O 190

z 180-
W
rr
rr 170

O
160

150

140

RADIATION DATA FILE

S/N 7 & 8 (RAD1) WITH DELAY BEFORE
S/N 9 & 10 (RAD2) NO DELAY BETWEEN

EXPOSURE & TEST

S/N 7

S/N 8

S/N 9

S/N 10

I

PRE
I

30K
I

50K

RADIATION

I

100K
!

200K
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TOTAL DOSE OF A1 020A
ACTEL FPGA (1.2 MICRON, MEC DIE)

(.)
(..)
v

F-
Z
W
CE
rr

0

24(

230-

220-

210-

190

180

17(

1

1 50

RADIATION DATA FILE

RAD3 NO DELAY BETWEEN
EXPOSURE & TEST

! I I I I

PRE 30K 50K 100K 200K ANNEAL

RADIATION (24 HOURS)

S/N 12

S/N 13

S/N 15
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TRW SUMMARY REPORT

PRODUCT: ACTEL CMOS FPGA

MANUFACTURING BY: MATSUSHITA ELECTRONICS CORP.

DEVICE: A1020A 1.2 micron 2000 gates

EVALUATED BY: TRW Electronics System Group

Ref. TRW R212.4-027/92 and R212.4-028192

EVALUATIONS:

METAL STEP COVERAGE

Metal step coverage for contact and via is less than 30% per MIL-STD-883 Method 2018.

Method of analysis SEM and metallographic sectioning. Worst case side of via or

contact was used for measurement.

METAL CURRENT DENSITY

5 2

Current density was calculated at less than 2.0 x 10 A/cm allowed by MIL-M-38510

(This assumes lma per contact worst case as dictated by ACTEL design rule)

2 5 2

Specific current density calculated is 1.1 ma/um or 1.1 x 10 A/cm at contacts.

No cracks or opens in metal were seen at contacts.

LIFE TEST RESULTS

44 Units completed 2000 hours of accelerated life test with no functional failures. Test

conditions were Vsig =5.5Vpp, Vcc = 5.75V, and f = 1 MHZ(Vsig).

All units exhibited an IOL drift ( measure is in ma) of between 12% and 18%. This occurred

on the majority of units and device pins tested for IOL. Good pins on the same device

showed less than 3% drift. This parametric change may be caused by problems

associated with the CMOS N-ch transistors and should be further investigatied.

The maximum change occured after 2000 hours of life test with the greatest

increase occuring in the first 500 hours. VOL also showed a similiar drift which tracked the

IOL drift. All other parameters demonstrated less than 5% change throughout the life test.

ACCELERATION FACTOR AND LIFE PREDICTION

Acceleration factors were calculated using a junction temperature of 187°C and an

estimated activation energy of 0.6ev. The field application temperature ranged from 30°C

to 130°C. The acceleration factors ranged from 252E + 03 to 8.48E + 00. Life predictions

for this range and the above junction temperature were calculated at 575 years to 1.90 years.
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HI-REL
LABORATORIES

911 SOUTH MOUNTAIN AVE. • MONROVlA o CALIFORNIA 91016 • (818) 357-6083 •

TRW Systems Report Number

One Space Park Report Date:

Redondo Beach, Ca. 90278 P.O. Number:

Date Received:

FAX (818) 357-6913

REPORT OF LABORATORY ANALYSIS

MR-101033

October 18, 1991
SR437026

October 4, 1991

DESCRIPTION OF SAMPLES: One (1) A1020A, ACTEL FPGA, S/N 11

METHOD OF ANALYSIS: Depot, SEM, Metallographic Sectioning, and SEM.

FINDINGS: One (1) A1020A, Actel FPGA, serial number 11, was submitted for evaluation of the

metallization step coverage by means of metallographic sectioning. The device was chemically

decapsulated to expose the die surface so that metallization stripe width measurements could be

obtained. The device was then encapsulated in epoxy and prepared using precision metallographic

techniques. The following results were obtained:

.Location * Minimum Metal

Thickness
*% Original Metal

Remaining

Via 1 0.18 Microns 19%

Via 2 0.19 Microns 20%

Contact 1 0.09 Microns 11%

Contact 2 0.10 Microns 13%

Contact 3 0.04 Microns 4.5%

* Worst case side of via or contact used for measurement.

Silicon nodules were noted in the metallization but were not taken into consideration in any

measurements.

I certify that: Ehia report: truly

represents the findings of work

performed by me or under my supervision.

" Trevor A. Devaney /

Reviewed and Approved By:
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Report Number MR-101033

Figure 1: General SEM view of typical

metallization with the glassivation on. Mag.

(284X)

Figure 2: Detailed view of typical metal

stripes. Width is " 4.5 Microns. Mag.

(2.79Kx)
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Report Number MR-101033

Figure 3: Detailed cross-sectional view of via

1. Mag. (20.3Kx)

Figure 4: Detailed cross-sectional view of via

2. Mag. (21.5Kx)
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Report Number MR-101033

Figure 5: Detailed cross-sectional view of

contact 1. mag. (29.4Kx)

Figure 6: Detailed cross-sectional view of

contact 2. Note large silicon nodule at step.

Mag. (29.4Kx)

Figure 7: Detailed cross-sectional view of

contact 3. Note severe thinning at step.

Mag. (26.2Kx)
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S. Chiang and W.V.D. Abeelen
Actel Corp.

Electromigration Summary of Actel 1020A

1.2um process from MEC Foundry

Exoected lifetimes of vias. contacts and metal lines.
Lifetime of vias and contacts of Actel's 1.2um 1020A product is simulated to be greater than 100 years at

100C junction temperature. As actually performed by Electromigration Burn-in test of the product, the

lifetime exceeds more than 20 years, with no EM related failures found thus far.

We expect longer lifetimes for the vias and contacts of the 2.0 um 1020 product. Via and contact size on

silicon is 2.0 um for the 2.0 um process, while it is 1.5 um for the 1.2 um process.

Metal 1 and Metal 2 lines exceed over 40 years at 100C as performed by EM burn-in test.

_tual current through single contacts and vias
Based on simulations of a 33 MHz clock frequency design, we found that single contacts/vias passed no

more than 100uA in DC current. This is significantly lower than the current allowed to pass through a

contact or via. All the single contacts singled out in the JPL rcport(Ref. 1) passed no more than 65uA at

33MHz and 100C junction temperature.

Another issue mentioned in the above memo suggested that 4mA output buffer current went through

either single or multiple contacts. The 4mA was distributed over 36 contacts(equal to 110uA per contact).

The worst case single contact in the output buffer was a gate-poly contact, carrying 170 uA of AC

current.

Effect of ooor steo coverage on the electromigration calculations.

The maximum current density allowed in Actel's electromigration rules, has already taken into

consideration that metal lines over topographic structures will reduce its EM capability. The rules also

reflect the fact that it is applicable over the whole process spectrum. In addition, runs to be selected for

space application have better than average step coverage and line width reduction, based on metal

rcsistance evaluation from the process monitor test chip.

Ql_servation of nodules inside the contact, via or metal lines.

The metal system has 1% silicon, 0.5% copper in aluminum. Nodules are expected to occur. The

electromigration rule has taken into consideration the fact that there will be nodules and that they will

reduce the step coverage. The nodule size is small and it does not break the interconnect.

Future imnrovement

In the new 1.0 um process, barrier metals are used for both Metal 1 and Metal 2. The expected EM

lifetime for the 1.0 um products are hereby greatly improved.

References

[1] Mike Sander, "Calculation of current density for Actel 2.0urn Technology", Jet Propulsion

Laboratory, Feb. 14 1992

EM 1020A5.DOC
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TRW SUMMARY REPORT

PRODUCT: ACTEL CMOS FPGA

MANUFACTURING BY: MATSUSHITA ELECTRONICS CORP.

DEVICE: A1020A 1.2 micron 2000 gates

EVALUATED BY: TRW Electronics System Group

Ref. TRW R212.4-027/92 and R212.4-028/92

EVALUATIONS:

METAL STEP COVERAGE

Metal step coverage for contact and via is less than 30% per MIL-STD-883 Method 2018.

Method of analysis SEM and metallographic sectioning. Worst case side of via or
contact was used for measurement.

METAL CURRENT DENSITY

5 2

Current density was calculated at less than 2.0 x 10 A/cm allowed by MIL-M-38510

(This assumes 1ma per contact worst case as dictated by ACTEL design rule)

2 5 2

Specific current density calculated is 1.1 ma/um or 1.1 x 10 A/cm at contacts.

No cracks or opens in metal were seen at contacts.

LIFE TEST RESULTS

44 Units completed 2000 hours of accelerated life test with no functional failures. Test

conditions were Vsig =5.5Vpp, Vcc = 5.75V, and f = 1 MHZ(Vsig).

All units exhibited an IOL drift ( measure is in ma) of between 12% and 18%. This occurred

on the majority of units and device pins tested for IOL. Good pins on the same device

showed less than 3% drift. This parametric change may be caused by problems

associated with the CMOS N-ch transistors and should be further investigatied.

The maximum change occured after 2000 hours of life test with the greatest

increase occuring in the first 500 hours. VOL also showed a similiar drift which tracked the

IOL drift. All other parameters demonstrated less than 5% change throughout the life test.

ACCELERATION FACTOR AND LIFE PREDICTION

Acceleration factors were calculated using a junction temperature of 187°C and an

estimated activation energy of 0.6ev. The field application temperature ranged from 30°C

to 130°C. The acceleration factors ranged from 252E + 03 to 8.48E + 00. Life predictions

for this range and the above junction temperature were calculated at 575 years to 1.90 years.
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Acceleration Factor Calculations

Acceleration Factor (A.F.) = exp((activation energy/K) (1/Tdesign - 1/q'test)

K = Boltzman's constant = 8.63E-5 eV/degree kelvin(K)

Activation Energy = 0.6eV (estimated)

Ttest = oven temp + theta ja for ceramic quad flatpack

in still air, [(40 C/W) * (I * V)] + 273 (for Kelvin conversion)
Mission

Tdesign Ttest A.F. Ufe (yrs)
45 187 8.53E + 02 194.8

50 187 6.08E + 02 138.9

55 187 4.38E+02 50.0

60 187 3.19E+02 72.8

65 187 2.34E+02 53.4

70 187 1.73E +02 39.6

75 187 1.30E + 02 29.6

130 187 8.48E + 00 1.9

120 187 1.32E+01 3.0

110 187 2.09E+ 01 4.8

100 187 3.40E+01 7.8

90 187 5.68E+01 13.0

80 187 9.76E+01 22.3

70 187 1.73E + 02 39.6

60 187 3.19E+02 72.8

50 187 6.08E + 02 138.9

40 187 1.21 E+03 276.2

30 187 2.52E+03 575.0
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